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Golder Associates Inc. 

5200 Pasadena NE, Suite C 
Albuquerque, New Mexico 87113 

Tel:  (505) 821-3043  Fax:  (505) 821-5273  www.golder.com 
Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America 

 

1.0 INTRODUCTION AND PILOT STUDY OBJECTIVES 

This memo describes the results of the Pilot Study performed by Golder Associates Inc. (Golder) at the 

above-referenced abandoned uranium mine sites during March-April, 2009.  Golder, is under contract to 

the Abandoned Mine Land (AML) Program of the Mining and Minerals Division (MMD), to provide 

services relating to the closure of mine openings and reclamation of abandoned uranium mine lands 

(AUMLs)  in the Poison Canyon area of the Grants Uranium District.  As part of this contract, a work plan 

for the assessment of various sites was submitted by Golder in February 2009.  The approach to 

completing the work plan was tailored to a narrower scoped pilot study in early April.  The following 

outlines the objectives of the pilot study work plan at the Barbara J abandoned mine sites: 

 Conduct radiological gamma ray surveys of the Barbara J mine sites and surrounding 
area; 

 Map and describe individual mine features in these areas; and 

 Collect representative soil samples from the area to assist the AML program in assessing 
the potential environmental hazards associated with radioactive materials at these sites. 

 

The results of the pilot study are being presented and evaluated relative to the development of 

subsequent scope and direction of the project.  

2.0 SCOPE OF WORK OF THE PILOT STUDY 

The Barbara J area includes several unguarded mine/drill-hole openings as well as elevated levels of 

ionizing gamma radiation (ranging from 15 to greater than 2000 microR/hr).  The radiation is primarily 

associated with uranium (U) and its daughter decay products (e.g. radium-226, thorium-230 and radon).  

These conditions represent an apparent hazard to human health and the environment.  The more 

elevated radiation levels are typically associated with piles of mineralized waste rock, drill cuttings, 

miscellaneous debris, and apparent load-out areas.  Some of these materials have been redistributed by 

erosion and previous earthwork at the sites. 
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3.0 PURPOSE OF PILOT STUDY  

The principal purpose of the pilot study was to investigate and acquire appropriate and defensible data to 

aid in delineating the impacted areas so that engineering designs could be prepared to effectively address 

the effects of ionizing radiation associated with the wastes and other materials at the mine sites. 

Other purposes included: 

 Assessment of the cost effectiveness of survey methods/techniques in evaluating these 
types of sites and to meet project objectives; 

 Assessment of the technical aspects/sensitivities of the methods used and their 
effectiveness in meeting objectives; 

 Provide information to allow decision making regarding subsequent site assessments and 
project scope decisions by the MMD.   

 

4.0 BACKGROUND INFORMATION 

The radiological surveys associated with this pilot study were conducted at four of the more accessible 

sites in the Poison Canyon area (the Barbara J No. 1, No. 2, No. 3 and No. 3a mine sites), which are 

located just north of Haystack Road about 2 miles west from New Mexico State Highway 605.   

A goal of the study was to collect sufficient radiological data to determine if a defensible relationship 

between gamma ray emissions and soil radionuclide concentrations could be developed, particularly at 

the lower soil concentrations that still pose a human health risk (an action level).  If this relationship was 

present and a lower gamma ray activity could be defined, it would be used to delineate areas/soils 

requiring reclamation/mitigation.     

5.0 GAMMA SURVEY RESULTS 

 
The surveys consisted of obtaining gamma radiation measurements with a microR meter and a NaI 

detector/rate meter along pre-designated points along surveyed transects.  Soil samples were collected 

from selected sites and were analyzed for total uranium, total thorium, Ra-226 and gross alpha/beta 

specific activity.  The survey results were correlated to related gamma ray activity measurements 

obtained in the field or in Golder’s warehouse laboratory at their office in Albuquerque, New Mexico.   

Gamma surveys of the Barbara J mine sites were conducted between March 16
th
 and 19

th
, on April 2

nd
, 

and again on April 15
th
, 2009.   Survey points were spaced either 50 or 100 feet apart along the pre-

designated transects at each mine site area (Figure 1).  The transects spanned areas that had previously 

been identified by the AML program as surface disturbances associated with the various mine areas 

(Figure 1).  Additional transects were surveyed at the request of the AML project manager to further 

evaluate gamma ray activity in previously uncharacterized areas adjacent to the mine sites (Figure 2).  

Gamma ray activity were measured using either a Ludlum Model 2350 or 2221 rate meter equipped with 
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Ludlum 44-10 shielded 2” X 2” NaI detectors and two Ludlum Model 19 microR meters.   The following set 

of measurements was acquired for each survey point:   

 A State Plane (UTM Zone 13) coordinate using a GPS (Global Positioning System) unit;  

 A shielded, six-second gamma ray count taken at contact with the ground surface, and;  

 An exposure rate measurement (with the microR meter) taken one meter above the 
ground.   

 
Additionally, all gamma ray activity measuring instruments were calibrated at the Department of Energy’s 

(DOE) calibration pad facility on Highway 605.  Gamma ray activity measurements were obtained either 

by placing the NaI detector in the center of the concrete calibration pad or holding the microR meter one 

meter above the center of the pad.  Gamma ray activity measurements (Figure 3) obtained for the 

calibration pads were plotted against known values of radioactivity contained within the pads (Leino, et 

al., 1994; George, et al., 1985).  Regression analysis demonstrated a high correlation between 

radioactivity measurements and meter responses (R
2 

> 0.8), regardless of meter type.  Current calibration 

certificates for the meters and detectors, results from daily function checks including acceptable count 

ranges (ACR), and calibration pad data for the microR meters are presented in Attachment A to this letter. 

6.0 SOIL SAMPLING AND ANALYSIS RESULTS 

Upon review of the gamma ray activity measurements, twenty-five (25) soil sampling locations were 

identified with the following characteristics:   

 Areas 10 feet in diameter with uniform (or near uniform) gamma ray activity 
measurements; and    

 Areas representing gamma ray activity values spanning the range of measurements 
observed at the four sites. 

 
Soil samples were collected from the center of the identified sampling area to a depth of 15 cm unless 

refusal was encountered at a shallower depth.  Refusal at a shallower depth was only noted for one 

sample location (Table 1, Barbara J3-3).  Within each individual sampling area, a single exposure rate 

and three, six-second gamma ray activity measurements were made prior to sampling, using a microR 

meter and a shielded probe, respectively.  A single (post-sampling) gamma ray activity measurement was 

made for the subgrade material.  Each sample (approximately 1 kg of material) was collected and stored 

in reinforced Ziploc© plastic bags.   

In Golder’s warehouse laboratory, three (3) additional shielded surface-contact gamma ray activity 

measurements and a single, exposure-rate measurement were made and recorded for each sample.  

Laboratory gamma ray activity measurements were made by placing the NaI probe directly on top of the 

bagged sample and placing the sample on a “background” concrete platform (Table 1, “background”).   

The initial sampling event resulted in the collection of twenty (20) samples representing low-end 
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measurements.  Five (5) additional samples were later collected to capture the high-end range in field 

measurements (400 to > 2000 microR/h).  Due to Department of Transportation (DOT) constraints, only 

samples with readings less than 250 microR/h were submitted to the ACZ Laboratory (Steamboat 

Springs, Colorado) for radionuclide analyses.  Sixteen (16) soil samples (12 from the initial sampling 

event and 4 from the latter), that spanned the range in gamma ray activity measurements made in the 

field and in the Golder laboratory, were submitted for radionuclide analyses.  The remaining samples 

were archived.  

As part of the sample preparation at the ACZ Laboratory, the entire sample volume was crushed, 

pulverized and homogenized prior to sample analysis to prevent bias resulting from any coarse 

fragments.   

The pulverized samples were analyzed for concentrations of the following:  

 Radium-226 (Ra-226), 

 Total thorium,  

 Total uranium, and  

 Gross alpha and beta activity 

 
The analytical results are presented in Table 1 and a copy of the ACZ Laboratory analytical reports are 

included in Attachment B along with the Chain of Custody documentation (COCs). Total uranium and 

thorium soil concentrations (mg/Kg) were converted to uranium-238 (U-238) and thorium-232 (Th-232) 

specific activity (A, in pCi/g) by combining the following basic radiation principles and the assumption that 

U-238 and Th-232 are the most abundant isotopes of uranium and thorium in the samples:   

          (1) 

           (2), 

 
Where T1/2 is the half-life in minutes of the radionuclide being considered (e.g. U-283 = 2.4 X 10

15
 and Th-

232 = 7.4 X 10
15

), m is the mass or concentration (mg/Kg) of the radionuclide, N is the number of 

disintegrating atoms, Ao is Avogadro’s constant (6.022 x 10
23 

atoms per g atomic weight) and Ga equals 

the atomic weight of the radionuclide (U-238 = 238 g/mol and Th-232 = 232 g/mol).  One Picocurie (pCi) 

is equal to 2.2 disintegrating atoms per minute.    

7.0 CORRELATION BY REGRESSION ANALYSES 

Regression analyses were performed to evaluate whether there was a correlation between measured soil 

radionuclide (Ra-226 and U-238) concentrations and gamma ray activity counts.  Linear relationships, 

corresponding correlation coefficients, and ninety-five percent (95%) confidence intervals were developed 

relating the average shielded gamma ray activity counts (measured for samples at the time of sampling in 
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the field or upon returning to the laboratory) to the actual soil radionuclide concentrations determined by 

the analytical lab.  The equations were corrected for ambient cosmic or natural terrestrial gamma 

radiation by setting the x- and y-intercepts equal to zero.  

Correlation coefficients determined for Ra-226, U-238 and field gamma count relationships were high and 

significant (r
2
 > 0.7, P < 0.05), suggesting that gamma ray activity measurements made either in the field 

or in the laboratory could be used to reasonably predict Ra-226 (Figure 4) or U-238 soil concentrations 

(Figure 5).  Gamma ray activity measurements made in the laboratory (red circles, Figures 4 and 5) were 

significantly lower than those measured in the field.  This is believed to reflect the influence of “shine,” 

which is the radial contribution of radiation entering the NaI detector window from sources other than that 

contained within the sample volume.  The “shine” effect was significant despite shielding the probes with 

lead sleeves. 

Additional regression analyses were performed on the relationship between the lower Ra-226 and U-238 

concentrations and corresponding gamma ray activity measurements to verify the predictive capacity of 

the correlation equations in a range more likely to be set as action levels or clean-up goals for the site 

(i.e., less than 40 pCi/g).  The predictive capacity of the correlation between low-end field measurements 

and soil radionuclide concentrations decreased (i.e., Figure 6, r
2
 = 0.58 compared to Figure 4, r

2
 = 0.97), 

and demonstrated considerable variance as shown by the large 95% confidence interval (blue dashed 

lines).  The X-coefficient also decreased from 0.015 to 0.004.  The relationship between U-238 

concentrations and low-end field gamma ray activity measurements changed significantly from that 

derived for the entire dataset (compare blue lines in Figure 5 and 7).  The correlation between laboratory 

gamma ray activity measurements and Ra-226 concentrations (red line) was better (r
2
 increased from 

0.82 for the entire dataset to 0.86 for the low-end values), but the X-coefficient decreased by a factor of 3.  

Regression Analysis Summaries are presented in Attachment C.  Similar correlations were developed for 

the microR meter and are presented in Attachment D. 

A comparison between the predictive capacity of the correlation developed for the entire Ra-226 field 

dataset and the correlation developed for the low-end values are shown in Table 2.  These results infer 

that the low-end correlation, despite its lower correlation coefficient, is more accurate at predicting soil 

radionuclide concentrations from low-end gamma ray activity measurements obtained in the field (< 4000 

count/0.1 min) than the correlation developed for the entire dataset.  Furthermore, the upper 95% 

prediction interval for the low-end field measurement correlation estimates a value of 715 counts/0.1 min 

corresponding to an action level of 5 pCi/g soil Ra-226.  In contrast, the upper 95% prediction interval for 

the entire dataset estimates a value of 312 counts/0.1 min to give an error rate of less than 2.5% that soil 

concentrations exceed the action level.  The latter value sets an unrealistic clean-up goal as it is less than 

any recorded measurement in the field or “background” condition measured at the Golder laboratory. 
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Gamma survey results (Fig. 9) and four sets of calculated Ra-226 soil concentrations along with 

corresponding x, y coordinates were imported into ArcGIS 9.3.  As described above, the datasets were 

populated by converting gamma survey results obtained in the field to Ra-226 concentrations using four 

different correlation equations:   

 The linear relationship between soil Ra-226 levels and corresponding gamma 
measurements obtained in the field (Fig. 10). 

 The linear relationship between soil Ra-226 levels and corresponding gamma 
measurements obtained in the field, accounting for low-end measurements (Fig. 11).  

 The linear relationship between Ra-226 concentrations and gamma measurements 
developed at the DOE calibration facility (Fig 12).  

 A contour map of Barbara J No. 2 using the upper 95% prediction correlation between 
soil Ra-226 levels and corresponding rate meter responses measured in the field 
accounting for low-end measurements (Fig. 13).  

 
The values in each of these three datasets (Figure 10, 12-13) were classified into 15 groups along Jenks’ 

natural breaks, which is the default classification method of ArcGIS.  This classification scheme finds 

clusters of data and places class breaks between the clusters, by comparing the sum of squared 

differences of observed values to the means of their classes. In Figures 9 through 12, the cooler colors 

(blue) correspond to lower radiation counts/specific activity and the warmer colors (red) correspond to 

higher counts/activity.  The classification scheme for Figure 11 was set the same as Figure 10 for 

comparison.  The contours were drawn in by hand (Figure 13).  

8.0 RESULTS SUMMARY 

Soil Ra-226 concentrations ranged from 1.2 to 980 pCi/g and total uranium concentrations ranged from 

1.3 to 3,000 mg/Kg (0.55-1,008 pCi/g).   Total thorium concentrations were significantly lower, ranging 

from 1.2 to 3.5 mg/Kg, regardless of sample uranium or radium concentrations. Gross alpha and beta 

concentrations ranged from 7.3 to 1900 and 6.5 to 2,300 pCi/g, respectively.   

A total of 1300 gamma ray activity survey points were made over an area spanning approximately 100 

acres.  Contact, shielded gamma ray activity measurements ranged from 335 to 55,000 counts/0.1 min 

with Ludlum model 44-10 NaI probes and Ludlum model 2350 or model 2221 rate meters.   Exposure 

rates obtained with Ludlum model 19 microR meters ranged from 12 to over 2,000 uR/h.  The “hot” spots 

(locations exceeding more than 10 times the lowest value reported in the field) generally fell within the 

surface boundaries and at features previously identified by the AML program with a few exceptions:  

Golder identified a “hot” spot just south of the Barbara J No. 2 mine along Haystack Rd, two “hot” spots to 

the north and south of Barbara J No. 3 and possibly another along the section of alluvium draining the 

Poison Canyon mine area to the north of Barbara J No. 3a.  Highly elevated (> 50 times) levels of gamma 

radiation were typically associated with the presence of thin layers of gravelly limestone in small piles that 

were less than 4 feet across and about  2 feet high or in what appeared to be load-out areas.   



Abandoned Mine Lands Program May 26, 2009 
Mining and Minerals Division 7 073-80026 

 

 

P:\ABQ Projects\2008 Projects\073-80026 MMD - Uranium\techmemo  

9.0 PILOT STUDY CONCLUSIONS AND RECOMMENDATIONS 

Correlation coefficients determined for the best fit lines relating soil Ra-226 and U-238 concentrations to 

corresponding field gamma ray counts were high and significant (r
2
 > 0.7, P < 0.05) inferring that gamma 

measurements taken in the field may be used to reasonably predict Ra-226 or U-238 concentrations 

without the need for more extensive sampling/analyses.  

In order to achieve reasonable predictions of soil radionuclide concentrations from the gamma ray activity 

measurements (laboratory or field), the y- and x-intercepts were set through the origin (0,0) for all 

correlation equations. 

The linear equation relating the lower field gamma ray activity measurements to soil Ra-226 

concentrations was used for field gamma ray activity measurements at values less than 4,000 count/0.1 

min.  This line, despite its lower correlation coefficient, has better predictive capacity to estimate soil Ra-

226 concentrations when compared to results derived for the best fit line of the entire dataset.  For field 

gamma ray activity measurements greater than 4,000 count/0.1 min, the equation developed for the entire 

field dataset was used.  

Gamma ray activity measurements made in the laboratory were significantly lower than those measured 

in the field, reflecting the influence of “shine” encountered in the field.  For reclamation/mitigation 

purposes, it is recommended that random soil samples be validated against the laboratory relationship 

developed in this investigation.  

 
Attachments or Enclosures:   

Table 1 Soil Radiochemistry Results with Corresponding Field and Laboratory Gamma 
Measurements 

Table 2 Predicted Ra-226 Concentrations from Field Gamma Data 
 
Figure 1   Barbara J Gamma Survey Grids 
Figure 2   Barbara J Gamma Survey Additional Transect Areas 
Figure 3   DOE Calibration Pad Facility Correlations for NaI detectors 
Figure 4   Linear Relationships between Gamma Measurements & Soil Ra-226 Concentrations 
Figure 5   Linear Relationships between Soil U-238 Concentrations & Gamma Measurements 
Figure 6  Linear Relationships between Gamma Measurements & Low-end Soil Ra-226 

Concentrations 
Figure 7   Linear Relationships between Gamma Measurements & Low-end Soil U-238 

Concentrations 
Figure 8  Gamma Survey 
Figure 9   Ra-226 Concentrations – Field Correlation 
Figure 10   Ra-226 Concentrations – Field Correlation (Low-End Measurements) 
Figure 11   Ra-226 Concentrations – Calibration Pad Correlation 
Figure 12   Ra-226 Concentration Contours 
 
Attachment A   Calibration Pad Certificates and Calibration Pad Data 
Attachment B   ACZ Laboratory Analytical Reports 
Attachment C   Gamma Ray Activity Measurements Regression Analysis Summaries 
Attachment D   MicroR Meter Regression Analysis Summaries 
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TABLES 
  



May 2009

TABLE 1

SOIL RADIOCHEMISTRY RESULTS WITH CORRESTPONDING FIELD AND LABORATORY GAMMA MEASUREMENTS

073-80026

Model 19 Model 19

Gross Alpha Gross Beta

Radium 

226 

(3050)

Solids, 

Percent

Thorium, 

total 

(3050)

Uranium, 

total 

(3050)

Uranium 

238 

Thorium 

232
microR/h microR/hr

pCi/g pCi/g pCi/g % mg/Kg mg/Kg pCi/g pCi/g pCi/g pCi/g pCi/g Average Std Dev subgrade contact
Average  

2350-4410
Std Dev contact

BARBARA J#2-4 3/18/09 7.3 6.5 1.2 93.6 2.2 1.63 0.55 0.24 1.99 2.19 0.44 597 57.2 666 19 477 14.2 12

BARBARA J#1-2 3/18/09 13 11 1.9 93.1 2.1 1.43 0.48 0.23 2.61 3.95 0.48 564 62.6 673 19 526 31.5 11

BARBARA J#3-5 3/18/09 13 7.9 1.9 93 3.4 3.5 1.18 0.37 3.45 1.62 0.32 954 24.6 1003 29 555 32.6 15

BARBARA J#3A-2 3/19/09 30 18 5.1 91.8 3.5 3.17 1.07 0.39 6.55 4.79 0.36 1101 139.1 1210 29 522 22.3 12

BARBARA J#3A-5 3/19/09 39 22 7.5 89.8 3.4 5.61 1.88 0.37 9.76 3.98 0.20 890 25.5 916 25 541 42.4 13

BARBARA J#1-1 3/18/09 30 54 8.1 89.1 2.7 12.5 4.20 0.30 12.60 1.93 0.07 2253 696.4 1718 65 620 19.9 15

BARBARA J#1-4 3/18/09 41 27 11 87.3 4.3 7.23 2.43 0.47 13.90 4.53 0.19 1257 110.6 1189 38 564 26.3 13

BARBARA J#3A-4 3/19/09 60 31 11 92.4 2.5 22.2 7.46 0.28 18.73 1.47 0.04 6383 241.8 13931 160 727 15.5 18.5

BARBARA J#2-1 3/18/09 85 39 19 92.9 1.9 9.05 3.04 0.21 22.25 6.25 0.07 4393 822.2 2827 120 1001 76.7 9

BARBARA J#3-2 3/18/09 790 590 39 91.6 4.2 17.3 5.81 0.46 45.27 6.71 0.08 3167 456.0 ND 90 1598 25.2 24

BARBARA J#3-3 3/18/09 180 110 77 93.9 2.4 146 49.06 0.26 126.32 1.57 0.01 7211 799.5 8050 140 2542 285.2 36

BARBARA J#3-4 3/18/09 220 130 86 92.8 2.6 60.9 20.46 0.29 106.75 4.20 0.01 5628 75.6 3462 60 1239 25.5 24

BARBARA J2-1A 4/2/09 470 610 220 95.6 1.4 775 260.40 0.15 480.55 0.84 6.E-04 15797 30.9 15537 ND 4917 30.3 ND

BARBARA J3-3A 4/2/09 470 640 230 94.4 1.6 880 295.67 0.18 525.85 0.78 6.E-04 20491 157.9 23651 400 4472 68.4 nd

BARBARA J3-1A 4/2/09 1400 1700 580 92.1 2.4 2150 722.39 0.26 1302.65 0.80 4.E-04 27895 157.1 21261 800 13241 146.4 nd

BARBARA J3-2AS 4/2/09 1900 2300 980 95.1 1.4 3000 1007.98 0.15 1988.14 0.97 2.E-04 68359 22377 37066 1200 9086 74.3 nd

BACKGROUND - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 525 32 13

RADIONUCLIDE CHEMICAL ANALYSIS -ACZ

convert 

from total 

Uranium

convert 

from total 

Thorium
total 

radionuclides

(Ra, U, Th)

Field Collection Counts

Count/0.1 min

Sample Name
Collection 

Date

Ra-226/U Th/U

GAI Laboratory Counts

NaI Detector

(44-10)/Rate Meter

Counts/0.1min

NaI Detector

(44-10)/Rate Meter

Golder Associates



May 2009

TABLE 2

PREDICTED Ra-226 CONCENTRATIONS FROM FIELD GAMMA DATA 

USING CORRELATION EQUATIONS DEVELOPED FOR THE LOW-END VALUES AND THE 

ENTIRE DATASET

073-80026

(low-end)  (all data)

counts/0.1 min pCi/g pCi/g pCi/g

BARBARA J#2-4 597 1.2 2.4 8.8

BARBARA J#1-2 564 1.9 2.3 8.3

BARBARA J#3-5 954 1.9 3.8 14.1

BARBARA J#3A-2 1101 5.1 4.4 16.3

BARBARA J#3A-5 890 7.5 3.6 13.2

BARBARA J#1-1 2253 8.1 9.0 33.3

BARBARA J#1-4 1257 11 5.0 18.6

BARBARA J#3A-4 6383 11 25.5 94.5

BARBARA J#2-1 4393 19 17.6 65.0

BARBARA J#3-2 3167 39 12.7 46.9

BARBARA J#3-3 7211 77 28.8 106.7

BARBARA J#3-4 5628 86 22.5 83.3

BARBARA J2-1A 15797 220 63.2 233.8

BARBARA J3-3A 20491 230 82.0 303.3

BARBARA J3-1A 27895 580 111.6 412.8

BARBARA J3-2AS 68359 980 273.4 1011.7

Field gamma 

ray activity
Actual Ra-226

Predicted Ra-226

Sample ID

Golder Associates
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FIGURE 3

DOE CALIBRATION PAD FACILITY CORRELATIONS FOR THE NAI DETECTORS USED 

IN THE FIELD

073-80026

PAD Label GE4 GE2 GPL GPH GPT

Ra-226 (pCi/g) 83 88 376 67 397

Model 2350-4410 5931 6687 26199 4308 28341

6032 6631 25878 4236 28356

6055 6542 26132 4355 28605

6553 4381

Average 6006 6620 26070 4300 28434

PAD Label GE4 GE2 GPL GPH GPT

Ra-226 (pCi/g) 83 88 376 67 397

Model 2221-4410 5357 5767 22091 3779 24433

meter # 108859 5389 5886 22193 3732 24825

det # PR 114540 5321 5624 22060 3649 24570

Average 5356 5759 22115 3720 24609

PAD Label GE4 GPT GE2 GPL GPH

Ra-226 (pCi/g) 83 397 88 376 67

Model 2221-4410a 5309 24971 5652 22384 3650

meter # 115157 5266 25019 5586 22169 3695

det # PR 114540 5359 24874 5689 22050 3702

25115

Average 5311 24995 5642 22201 3682

DOE CALIBRATION PADS

y = 0.0142x - 0.1135

R² = 0.9987

y = 0.0166x - 1.9176

R² = 0.9973

y = 0.0163x + 0.6661

R² = 0.9966

0

50

100

150

200

250

300

350

400

450

0 5000 10000 15000 20000 25000 30000

R
a
-2

2
6
 (

p
C

i/
g
)

6 second counts

Model 2350-4410

Model 2221-4410

Model 2221-4410a

Golder Associates



May 2009

FIGURE 4

LINEAR RELATIONSHIPS BETWEEN GAMMA MEASUREMENTS AND SOIL Ra-226 CONCENTRATIONS

073-80026

Notes:

Dashed lines represent 95% C.I.
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FIGURE 5

LINEAR RELATIONSHIPS BETWEEN SOIL U-238 CONCENTRATIONS AND GAMMA MEASUREMENTS

073-80026

Notes:

Dashed lines represent 95% C.I.
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FIGURE 6

LINEAR RELATIONSHIPS BETWEEN GAMMA MEASUREMENTS AND LOW-END SOIL Ra-226 CONCENTRATIONS

073-80026

Notes:

Dashed lines represent 95% C.I.

y = 0.004x
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FIGURE 7

LINEAR RELATIONSHIPS BETWEEN GAMMA MEASUREMENTS AND LOW-END SOIL U-238 CONCENTRATIONS

073-80026

Notes:

Dashed lines represent 95% C.I.
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Calibration Pad Certificates and 
Calibration Pad Data 

  



.•. 

LOCATION: 

METER TYPE: 

METER ID #: 

DETECTOR TYPE: 

DETECTOR ID #: 

H.V. /THRESHOLD 

CALIB. DATE: 

SOURCE TYPE: 

SOURCE#: 

ACTIVITY (uCi): 

NUMBER 

1 

2 

3 

AVG BKG 

NUMBER 

1 

2 

3 

4 

5 
• 

6 

7 

8 

9 

ACR [(AVG SOURCE)-(AVG BKG)] : 

Abandoned Uranium Mine Land-Poison Canyon 

07380026 

DATE: 

PERFORMED BY: 

• 

--------
Acceptable Count Range (ACR) and Daily Quality Control Check (DQC) 

Procedures for Ludlum 44-10/44-9 and Model2350/2221/12 
ACR 

1) Turn on Instrument and visibly inspect meter and probe for damage especially 
to cables, probe's glass casing and digital display. Verify battery life. 
2)Rec;ord date, location (site or group of sites with coordinates), model and serial 
#,detector model & serial#, high voltage (H.V.) threshold settings, calbiration 
date, source type, # and activity and name of individual performing checks. 
3) Select a location for establishing ACR and background(BKG). The location 
should reflect the lowest count in an area and have few physical disturbances such 
as waste piles, shafts and mining-associated debris. 
4) Record (3) six second background counts (CPS) and obtain an average. 
5) Hold probe vertically above a known radioactive check source. 
6) Record (10) six second source counts and obtain an average count. 
7) Subtract the average background count (AVG BKG) from the average source 
count (AVG SOURCE). 
8) Determine the accepatable count range (ACR) by subtracting 10% (low) from 
and adding 10% (high) to the average source minus backgrond count. These 
values represent the acceptable count range one can expect when conducting 
daily quality control checks for a given location. 
9) An ACR MUST be established for each probe/meter combo and location/site. 

DOC 
1) Daily, record the date, high voltage and operator initials. 
2) Record (3) six second background counts AT THE SAME LOCATION that the ACR 
was performed and obtain an average bac~,round count . 
3) Record (3) six second so)Jrce counts wil:h the probe held above the known (same 
distance as above) source and obtain an average source count. 
4) Subtract the average background count from the average source count. 
5) Compare the (AVG SOURCE)-(AVG BKG) count to the high and low ACR. The 
DQC should fall within this range. 

HIGHACR (+10%):-.t.. 

LOW ACR (-10 'Ko): 1 

6) If the instrument fails to fall within the ACR established for a given location 
evaluate conditions to insure no changes in background, source, etc. occured and 
perform a second ACR and DQC. If the instrument fails again, If warranted, tag 
the instrument Out of Service and send to manufacturer for repair. 
7) If second DQC falls within second ACR, proceed. 

~----------------------------------------------------~ 

DAILY QUALITY CONTROL CHECK 

'""/''I 

--



LOCATION: 

METER TYPE: 

METERID#: 

DETECTOR TYPE: -""""~t..=::...._---~ 
DETECTOR ID #: 

H.V. /THRESHOLD ~l) 

CALIB. DATE: §J!Z 
SOURCE TYPE: ..,.-

SOURCE#: 

ACTIVITY (uCi): / ~ 
• 

NUMBER BKG CPS 

1 ~ 

:VGB~~ 
SOURCE 

NUMBER CPS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

AVGSOURCE ----

Abandoned Uranium Mine land-Poison Canyon 

07380026 

ACCEPTABLE COUNT RANGE 

DATE: 

PERFORMED BY: -~~~~,.._-

Acceptable Count Range (ACR) and Daily Quality Control Check (DQC) 

Procedures for Ludlum 44-10/44-9 and Model2350/2221/12 

ACR 
1) Turn on instrument and visibly inspect meter and probe for damage especially 

to cables, probe's glass casing and digital display. Verify battery life. 

2}Record date, location (site or group of sites with coordinates}, model and serial 

#,detector model & serial#, high voltage {H.V.) threshold settings, calbiration 
date, source type,# and activity and name of individual performing checks. 

3} Select a location for establishing ACR and background(BKG}. The location 
should reflect the lowest count in an area and have few physical disturbances such 

as waste piles, shafts and mining-associated debris. 
4} Record {3} six second background counts {CPS) and obtain an average. 

5) Hold probe vertically above a known radioactive check source. 

6} Record (10) six second source counts and obtain an average count. 

7} Subtract the average background count (AVG BKG} from the average source 
count {AVG SOURCE). 

8} Determine the accepatable count range (ACR} by subtracting 10% (low) from 

and adding 10% (high) to the average source minus backgrond count. These 
values represent the acceptable count range one can expect when conducting 

daily quality control checks for a given location. 
9} An ACR MUST be established for each probe/meter combo and location/site. 

DOC 
1) Daily, record the date, high voltage and operator initials. 

2} Record (3} six second background counts AT THE SAME LOCATION that the ACR 
was performed and obtain an average background count. 

3} Record {3} six second source counts with the probe held above the known (same 

distance as above) source and obtain an average source count. 

4} Subtract the average background count from the average source count. 
5) Compare the {AVG SOURCE)-{AVG BKG} count to the high and low ACR. The 
DQC should fall within this range. 

ACR [(AVG SOURCE)-(AVG BKG)]: 
~~-

HIGH ACR (+ 10 %): ;l~t>-L 

6} If the instrument fails to fall within the ACR established for a given location 

evaluate conditions to insure no changes in background, source, etc. occured and 
perform a second ACR and DQC. If the instrument fails again, If warranted, tag , 

the instrument Out of Service and send to manufacturer for repair. 
7) If second DQC falls within second ACR, proceed. 

LOWACR (-10%): fff!i-f~ 

DAILY QUALITY CONTROL CHECK 

~ 
AVG 

DATE • H.V. BACKGROUND CPM AVG BKG SOURCECPM SOURCE (AVG SOURCE)-(AVG BKG) 

1 ,'1/~/~ ~ 15D .Lf.lp l ~&l tJ;a ~55 111!*'~ ~jlfl .. ~~~ 'l/1/iS 31b~rl 
'I I "fJ 

. 
D ~~.L .. 
"'::c ~- ./~~.-3!$ "1 

~~~-~-~ ,d;~ . .if 
I ,j1:l "1j i ';,.~ t ~~ 

i'~ .. l1 

_'_ ·-r, 

v 



Abandoned Uranium Mine land-Poison Canyon 

07380026 

LOCATION: A-~\41 , Wl;EPb.);sQ 
METER SERIAL# Ti"t2 t-~ 

--~~~~~~---

DATE: 

BATT LIFE: 

CAUB. DATE' 4---~--- 0 ~ ()~ 
SOURCE TYPE: ~ - ~ 3-- REPLICATE/SCALE 

SOURCE#: 10'$ 1 

ACTIVITY (uCi): \ 2 

REPLICATE/SCALE BACK GROUND COUNTS 3 

4 

5 

1 

2 

3 

AVG BKG 

DATE 

I 
~ .. ........ 

INITIAL 

I ~ ·~Iii. 

ACR [(AVG SOURCE)-(AVG BKG)]: 

HIGHACR (+10 r-----~~~~~~~--~-t----~~~~~---
LOWACR (-10 

DAILY QUALITY CONTROL CHECK 

BACKGROUND CPM ~1211 (»I/ 'souRcE couNTS . 
1 2 3 AVG BKG 25 so 250 500 5000 

15 16 t5 ·~ l'i :;_ ~q 16 
~ (SOURCE)-(AVG BKG) I ~ l. ~ ~ I '~ ; ;.;!J"'".? 

. Ill/~ /0' IA..illt'lg In rtl 1'-' I?>.[, I .5 40.5 lbO ~~ •' ll!!!i 1 1 (SOUkCE)-(AVG BKG) .. • ·tf 1 .~ .~~ g, JI ~w <'~ .{~-

I 
;. rJ'~ ",t ~~ a.,..' .... ~ ·~ ·ill'! ~~rJ' ~ .... (SOURCE)-(AVG BKG) '\ s ~~~~ I t~~ ~<1.:.1 J""-"!1 ~~ t ;k_~· 

I 
Acceptable Count Range (ACR) and Daily Quality Control Check (DQC) Procedures for Ludlum MicroR Meter 

ACR 
1) Turn on instrument and visibly inspect for damages. Verify battery life, record date, location (site or group of sites), 
meter model and serial#, high voltage (H.V.) setting, calbiration date, source type,# and activity and name of individual 
performing checks. 
2) Select a location for establishing ACR and background(BKG). The location should reflect the lowest count in an area and 
have few physical disturbances. Record (3) background counts with selector in the 25 position, obtain an average. 
5) Position meter horizontally away from known radioactive check source until needle measures 2/3rd of the 25 setting's 
range on the scale, record 5 source counts and obtain an average. 
6) Move dial to next setting (SO), position meter closer to the source to achieve 2/3rd the setting range, record 5 source 
counts and obtain and average. 
7) Repeat step 6 for each setting (ie. 250, 500 and 5000), positioning the meter closer to the source each time. 
8) Subtract the average background count (AVG BKG) from the average source count (AVG SOURCE) for each setting. 
9) Determine the accepatable count range (ACR) by subtracting 10% (low) from and adding 10% (high) to the average 
source minus backgrond count for each setting . These values represent the acceptable count range one can expect when 
conducting daily quality control checks for a given location. 
10) An ACR MUST be established for each probe/meter combo and location/site. 

~ 
1) Daily, record the date, operator initials, and verify battery life . 
2) Record 3 background counts at the 25 setting AT THE SAME LOCATION that the ACR was performed and obtain an 
average background count. 
3) Record a single source count for each setting (ie. 25, 50, 250, 500 and 5000) when the needle measures 2/3rds of 
setting's scale (See steps 5 and 6 for ACR above). 
4) Subtract the average background count from each settings source count. 
5) Compare the (AVG SOURCE)-(AVG BKG) count to the high and low ACR (above) for each setting. The DQC should fall 
within this range. 
6) If the instrument fails to fall within the ACR established for a given location evaluate conditions to insure no changes in 
background, source, etc. occured and perform a second ACR and DQC. If the instrument fails again, tag the instrument 
- · .. - 1: --·-·· -- -£.·--·-····- ···------~ -- -- ·--- · 



LOCATION: 

METER TYPE: 

METER ID#: 

DETECTOR TYPE: ..,.,.-:p:;f---:~~ 

DETECTOR ID #: 

H.V. /THRESHOLD 
_.....;:::;;...&,o~~.....,;,~~~ 

CALIS. DATE: 

SOURCE TYPE: 

SOURCE#: 

ACTIVITY (uCi): 

NUMBER BKG CPS 

1 ~0\ 
2 ~ 
3 ~·s 
AVGBKG i~ 

NUMBER CPS 

ACR [(AVG SOURCE)-(AVG BKG)]: 

Abandoned Uranium Mine Land-Poison Canyon 

07380026 

ACCEPTABLE COUNT RANGE 

DATE: 

Acceptable Count Range (ACR) and Daily Quality Control Check (DQC) 
Procedures for Ludlum 44-10/44-9 and Model2350/2221/12 

ACR 
1) Turn on instrument and visibly inspect meter and probe for damage especially 
to cables, probe's glass casing and digital display. Verify battery life. 
2)Record date, location (site or group of sites with coordinates), model and serial 
#,detector model & serial#, high voltage (H.V.) threshold settings, calbiration 
date, source type, # and activity and name of individual performing checks. 
3) Select a location for establishing ACR and background(BKG). The location 
should reflect the lowest count in an area and have few physical disturbances such 
as waste piles, shafts and mining-associated debris. 
4) Record (3) six second background counts (CPS) and obtain an average. 
5) Hold probe vertically above a known radioactive check source. 
6) Record (10) six second source counts and obtain an average count. 
7) Subtract the average background count (AVG BKG) from the average source 
count (AVG SOURCE). 
8) Determine the accepatable count range (ACR) by subtracting 10% (low) from 
and adding 10% (high) to the average source minus backgrond count. These 
values represent the acceptable count range one can expect when conducting 
daily quality control checks for a given location. 
9) An ACR MUST be established for each probe/meter combo and location/site. 

ogc 
1) Daily, record the date, ttigh voltage and operator initials. 
2) Record (3) six second background counts AT THE SAME LOCATION that the ACR 
was performed and obtain an average background count. 
3) Record (3) six second source counts with the probe held above the known (same 
distance as above) source and obtain an average source count. 
4) Subtract the average background count from the average source count. 
5) Compare the (AVG SOURCE)-(AVG BKG) count to the high and low ACR. The 
DQC should fall within this range. 

HIGH ACR (+ 10 %): ~ . 

6) If the instrument fails to fall within the ACR established for a given location 
evaluate conditions to insure no changes in background, source, etc. occured and 
perform a second ACR and DQC. If the instrument fails again, If warranted, tag 
the instrument Out of Service and send to manufacturer for repair. 
7) If second DQC falls within second ACR, proceed. 

LOW ACR (-10 %): ::Jim 

DAILY QUALITY CONTROL CHECK 

I AVG 

DATE ~~~IAL H.V. BACKGROUND CPM AVG BKG SOURCECPM sou~~E , (AVG SOURC.J:l.-(AVG BKG) 

~.[,.l)fJ I'\. fo.cru~ ~If ~ 3=f-S ·~ J'IL. n.oc.;, 111>111 l ' t1b~ l'lb'f" 1\ t.9. I ·.....-
• ~';._Coo1l 

l~ ·~y 

~ ... '' f 

I il} 

I' .• , 

~·~ 



•Abandoned Uranium Mine Land-Poison Canyon 

07380026 

LOCATION: 

METER TYPE: 

METER ID #: c))SSf..fC> 
DETECTOR TY.PE: fiLl-_;{"(:) 

DETECTOR ID #: Pll,;l:f::?, 15"1 
H.V./THRESHOLD 1$0 ~ 't>f> 
CALIB. DATE: , \- lb - t:f\ 
SOURCE TYPE: L::. - \'&":Jo 
SOURCE#: ll>S 
ACTIVITY (uCi): ( ' 

NUMBER BKG CPS 

1 58~ 
2 .s-a~ 
3 5(1£ 
AVG BKG ~ij 

NUMBER CPS 

1 

2 

3 

4 

5 

6 

7 

8 

2.3JC>\ 
"22Lfal 

M 
22-MO 
?0.15 

~ 
:o ~ 

AVG SOURCE "'2,{@3 2> 
ACR [(AVG SOURCE)-(AVG BKG)J: 

HIGH ACR (+ 10 %): ~'2. 
LOW ACR (-10%): ~ 

ACCEPTABLE COUNT RANGE 

DATE: 

PERFORMED BY: 
~R.-U..II~ .... --

Acceptable Count Range (ACR) and Dally Quality Control Check (DQC) 
Procedures for Ludlum 44-10/44-9 and Model2350/2221/12 

ACR 
1) Turn on instrument and visi_bly inspect meter and probe for damage especially 
to cables, probe's glass casing and digital display. Verify battery life. 
2)Record date, location (site or group of sites with coordinates), model and serial 
#,detector model & serial#, high voltage (H.V.) threshold settings, calbiration 
date, source type,# and activity and name ~f individual performing checks. 
3} Select a location for establishing ACR and background(BKG). The location 
should reflect the lowest count in an area andohave few physical disturbances such 
as waste piles, shafts and mining-associated debris. . .. 
4) Record (3) six second background counts (CPS) and obtain an average. 
5) Hold probe vertically above a known radioactive check source . 
6) Record (10) six second source counts and obtain an average count. 
7) Subtract the average background count (AVG BKG) from the average source 
count (AVG SOURCE). 
8) Determine the accepatable count range (ACR) by subtracting 10% (low) from 
and adding 10% (high) to the average source minus backgrond count. These 
values represent the accep~able count range ~ne can expect when conducting 
daily quality control checks for a given location. 
9) An ACR MUST be establishe·d for each probe/meter combo and location/site. 

ogc 
1) Daily, record the date, high voltage and operator initials. 
2) Record (3) six second background counts AT THE SAME LOCATION that the ACR 
was performed and obtain an average background count. 
3) Record (3) six second source counts with the probe held above the known (same 
distance as above) source and obtain an average source count. 
4) Subtract the average background count from the average source count. 
5) Compare the (AVG SOURCE)-(AVG BKG) count to the high and low ACR. The 
DQC should fall within this range. 
6) If the instrument fails to fall within the ACR established for a given location 
evaluate conditions to insure no changes in background, source, etc. occured and 
perform a second ACR and DQC. If the instrument fails again, If warranted, tag 
the instrument Out of Service and send to manufacturer for repair. 
7) If second DQC falls within second ACR, proceed. 

DAILY QUALITY CONTROL CHECK 

AVG 

DATE I~ ITI~L H.V. BACKGROUND CPM AVG BKG SOURCE CPM SOURCE (AVG SOURCE)-(AVG BKG) 

I' I ~ ~. 



Abandoned Uranium Mine Land-Poison Canyon 

07380026 

LOCATION: PiBQ ~ N:>7::r£ 
METER SERIAL# ---'L==...S ....... ')o~,;0=..53.,_;.,t__ 
BATI LIFE: C>K 

DATE< ~tfl 
PERFORMED BY: • 

ACCEPTABLE COUNT RANGE 

CALIB. DATE: g - :<o-ltl ACCEPTABLE COUNT RANGE SOURCE CPS 

SOURCE TYPE: ~ - \~ ':f- REPLICATE/SCALE 

SOURCE#: lDS 1 

ACTIVITY (uCi): l 2 

REPLICATE/SCALE BACK GROUND COUNTS 3 

4 

5 

1 

2 

3 

AVG BKG 
13 

DATE ~ NITIAL 

BACKGROUND CPM 

1 2 3 

SOURCE COUNTS 

AVG BKG 25 50 250 500 5000 

: } ~ ·""' .;j (SOURCEHAVG BKG) llli 4l • .f "1t.1 :m...~ a ~ ,_: ~ (II"-

I 
(SOURCE)-(AVG BKG 

I 
I' .J;S.'r. ~i 

I 
Acceptable Count Range (ACR) and Daily Quality Control Check (DQC) Procedures for Ludlum MicroR Meter 

ACR 
1) Turn on instrument and visibly inspect for damages. Verify battery life, record date, location (site or group of sites), 
meter model and serial#, high voltage (H.V.) setting, calbiration date, source type,# and activity and name of individual 

performing checks. 
2) Select a location for establishing ACR and background{BKG). The location should reflect the lowest count in an area and 
have few physical disturbances. Record {3) background counts with selector in the 25 position, obtain an average. 
5) Position meter horizontally away from known radioactive check source until needle measures 2/3rd of the 25 setting's 
range on the scale, record 5 source counts and obtain an average. 
6) Move dial to next setting (SO), position meter closer to the source to achieve 2/3rd the setting range, record 5 source 
counts and obtain and average. 
7) Repeat step 6 for each setting (ie. 250, 500 and 5000), positioning the meter closer to the source each time. 
8) Subtract the average background count (AVG BKG) from the average source count (AVG SOURCE) for each setting. 
9) Determine the accepatable count range (ACR) by subtracting 10% (low) from and adding 10% (high) to the average 
source minus backgrond count for each setting . These values represent the acceptable count range one can expect when 
conducting daily quality control checks for a given location. 
10) An ACR MUST be established for each probe/meter combo and location/site . 

. DOC 
1) Daily, record the date, operator initials, and verify battery life . 
2) Record 3 background counts at the 25 setting AT THE SAME LOCATION that the ACR was performed and obtain an 
average background count. 
3) Record a single source count for each setting (ie. 25, 50, 250, 500 and 5000) when the needle measures 2/3rds of 
setting's scale (See steps 5 and 6 for ACR above). 
4) Subtract the average background count from each settings source count. 
5) Compare the {AVG SOURCE)-(AVG BKG) count to the high and low ACR (above) for each setting. The DQC should fall 
within this range. 
6) If the instrument fails to fall within the ACR established for a given location evaluate conditions to insure no changes in 
background, source, etc. occured and perform a second ACR and DQC. If the instrument fails again, tag the instrument 



Abandoned Uranium Mine Land-Poison Canyon 

07380026 

~:::~DEL&SERI~· %1iJ!t§!iliti1 DATE: 

PERFORMED BY: 

BATT LIFE: . • ACCEPTABLE COUNT RANGE 

CALIB. DATE: ~ 4$ ACCEPTABLE COUNT RANGE SOURCE CPS 

SOURCE TYPE: ___:o ,. M REPLICATE/SCALE 25 50 250 500 

tP5 SOURCE#: 

ACTIVITY (uCi): / · 
REPLICATE/SCALE BACK GROUND COUNTS 

1 

2 

3 

AVG BKG 

1 

2 

3 

4 

5 

5000 

Acceptable Count Range (ACR) and Daily Quality Control Check (DQC) Procedures for Ludlum MlcroR Meter 
ACR 

1) Turn on instrument and visibly inspect for damages. Verify battery life, record date, location (GPS coordinates), meter model 
and serial#, high voltage (H.V.) setting, calbiration date, source type,# and activity and name of individual performing checks. 
2) Select a location for establishing ACR and background(BKG). The location should reflect the lowest counts in an area and have 
few physical disturbances. Record (3) background counts with selector in the 25 position, obtain an average. 
5) Position meter horizontally away from radioactive check source until needle measures 2/3rd of the 25 setting's range on the 
scale, record 5 source counts and obtain an average. 
6) Move dial to next setting, posit ion meter closer to the source to achieve 2/3rd the setting range, record 5 source counts and 
obtain and average. 
7) Repeat step 6 for each setting, positioning the meter closer to the source each time. 
8) Subtract the average background count (AVG BKG) from the average source count (AVG SOURCE) for each setting. 
9) Determine ACR by subtracting 10 % (low) from and adding 10 % (high) to the average source minus backgrond count for each 
setting . These values represent and ACR one can expect when conducting daily quality control checks for a given location. 
10) Establish an ACR for each probe/meter combo and location/site. 

g 
1) Record the date, operator initials, and verify battery life at each use. 
2) Record 3 background counts for the 25 setting at location were ACR was performed, obtain an average background count. 
3) Record a single source count for each setting (ie. 25, 50, 250, 500 and 5000) when needle measures 2/3rds of setting's scale 
(See steps 5 and 6 for ACR above) . 
4) Subtract the average background count from each setting's source count. 
5) Compare the (AVG SOURCE)-(AVG BKG) count to the high and low ACR (above) for each setting. The DQC should fall within this 

range. 
6) If the instrument fails to fall within the ACR established for a given location evaluate conditions to insure no changes in 
background, source, etc. occured and perform a second ACR and DQC. If the instrument fails again, tag the instrument out of 

s_enic.e .. _cnh.erwl~-P.ro~;__e_e_<la.s.JJQr.rn~"'"l ---------------------------------
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Abandoned Uranium Mine land-Poison Canyon 

J 07380026 

DATE: LOCATION' ~~& 'D N~ <..a-
METER SERIAL# _ __ PERFORMED BY: 

BATT LIFE: '() IC, ACCEPTABLE COUNT RANGE 

- ~ CALl B. DATE: VCJ ACCEPTABLE COUNT RANGE SOURCE CPS 

SOURCE TYPE: REPLICATE/SCALE 50 250 500 

SOURCE#: 

ACTIVITY (uCi): 

REPLICATE/SCALE BACK GROUND COUNTS 

1 

2 

3 ~ 
AVG BKG ----L1l--

1 

2 

3 

4 

5 

Acceptable Count Range (ACR) and Daily Quality Control Check 
ACR 

5000 

5000 

1) Turn on instrument and visibly inspect for damages. Verify battery life, record date, location (site or group of sites), 
meter model and serial#, high voltage (H.V.) setting, calbiration date, source type,# and activity and name of individual 
performing checks. 
2) Sele~ a location for establishing ACR and background(BKG). The location should reflect the lowest count in an area and 
have few physical disturbances. Record (3) background counts with selector in the 25 position, obtain an average. 
5) Position meter horizontally away from known radioactive check source until needle measures 2/3rd of the 25 setting's 
range on the scale, record 5 source counts and obtain an average. 
6) Move dial to next setting (50), position meter closer to the source to achieve 2/3rd the setting range, record 5 source 
counts and obtain and average. 
7) Repeat step 6 for each setting (ie. 250, 500 and 5000), positioning the meter closer. to the source each time. 
8) Subtract the average background count (AVG BKG) from the average source count (AVG SOURCE) for each setting. 
9) Determine the accepatable count range (ACR) by subtracting 10% (low) from' and adding 10% (high) to the average 
source minus backgrond count for each setting . These values represent the acceptabl!! count range one can expect when 
conducting daily quality control checks for a given location. • 
10) An ACR MUST be estaplished for each probe/meter combo and location/site . • 

ogc 
1) Daily, record the date, operator initials, and verify battery life . 
2) Record 3 background counts at the 25 setting AT THE SAME LOCATION that the ACR was performed and obtain an 
average background count. 
3) Record a single source count for each setting (ie. 25, 50, 250, 500 and 5000) when the needle measures 2/3rds of 
setting's scale (See steps 5 and 6 for ACR above). 
4) Subtract the average background count from each settings source count. 
5) Compare the (AVG SOURCE)·(AVG BKG) count to the high and low ACR (above) for each setting. The DQC should fall 
within this range. 
6) If the instrument fails to fall within the ACR established for a given location evaluate conditions to insure no changes in 
background, source, etc. occured and perform a second ACR and DQC. If the instrument fails again, tag the instrument 
- - _ ... -.E. •• - . : • - - .... . - - • • : - - - · - - - - - ... - - - - - --- - 1 



Abandoned Uranium Mine Land-Poison Canyon 

07380026 

NUMBER BKG CPS 

1 21-'5 
2 2.3~ 

:VGBKG~ 
SOURCE 

NUMBER CPS 

1 

2 

3 

4 

5 

6 

7 

2S?t/l "'!/so~ 
28 SS3"' lobi. I 
213$'5"3 l!.l~ 
1-S'HI 
UAS't 
1.12>10 
21065 

:~ 
10 1.i5~f'b 

AVG SOURCE :J tl ~ G 
ACR [(AVG SOURCE)-(AVG BKG.]: ~~ 

HIGH ACR (+ 10 %): 

LOW ACR (-10 %): 1 

ACCEPTABLE COUNT RANGE 

Acceptable Count Range (ACR) and Daily Quality Control Check (DQC) 

Procedures for Ludlum 44-10/44-9 and Model 2350/2221/12 

ACR 
1) Turn on instrument and visibly inspect meter and probe for damage especially 

to cables, probe's glass casing and digital display. Verify battery life. 
2)Record date, location (site or group of sites with coordinates), model and serial 

#,detector model & serial#, high voltage (H.V.) threshold settings, calbiration 

date, source type,# and activity and name of individual performing checks. 
3) Select a location for establishing ACR and background(BKG). The location 

should reflect the lowest count in an area and have few physical disturbances such 

as waste piles, shafts and mining-associated debris. 
4) Record (3) six second background counts (CPS) and obtain an average. 

5) Hold probe vertically above a known radioactive check source. 
6) Record (10) six second source counts and obtain an average count. 

7) Subtract the average background count (AVG BKG) from the average source 

count (AVG SOURCE). 
8) Determine the accepatable count range (ACR) by subtracting 10% (low) from 

and adding 10% (high) to the average source minus backgrond count. These 

values represent the acceptable count range one can expect when conducting 
daily quality control checks for a given location. 

9) An ACR MUST be established for each probe/meter combo and location/site. 

DOC 

1) Daily, record the date, high voltage and operator initials. 
2) Record (3) six second background counts AT THE SAME LOCATION that the ACR 

was performed and obtain an average background count. 

3) Record (3) six second source counts with the probe held above the known (same 
distance as above) source and obtain an average source count. 

4) Subtract the average background count from the average source count. 
5) Compare the (AVG SOURCE)-(AVG BKG) count to the high and low ACR. The 

DQC should fall within this range. 
6) If the instrument fails to fall within the ACR established for a given location 

evaluate conditions to insure no changes in background, source, etc. occured and 

perform a second ACR and DQC. If the instrument fails again, If warranted, tag 
the instrument Out of Service and send to manufacturer for repair. 

7) If second DQC falls within second ACR, proceed. 

DAILY QUALITY CONTROL CHECK 

AVG 

DATE lkiAL H.V. BACKGROUND CPM AVG BKG SOURCECPM SOURCE (AVG SOURCE)-(AVG BKG) 

I1T tt: I 111 " ft~ 1.1/6 ..,~~ l'IJ, ··iW4f tt2tl1 •• 2/Aif, a+t~~ ~ 1.L.~St.; 
I' t "" 

= · ~Z' 

·li'~lf' ', 
. JI ~ _.J rn '< ,' . y ~~ .1: _'.!d, t: 
~~~~ 

' 



LOCATION: 

Abandoned Uranium Mine Land-Poison Canyon 

07380026 

DATE: 

METERMODEL&SERIAL# i4 (l6t"1"l:') 

:~.~:~. ~tfl 
PERFORMED BY: 

ACCEPTABLE COUNT RANGE 

SOURCE TYPE: _ _ _ _ REPLICATE/SCALE 

SOURCE#: 

ACTIVITY (uCi): 

REPLICATE/SCALE BACK GROUND COUNTS 

.· 

1 

2 

3 

AVG BKG 

DATE 

.l 

I 

I 

I 

I 

12.. 
It 

INITIAL 1 

\0 

~ 

l 
I 

I 

I 

I 

1 

2 

3 

4 

5 

BACKGROUND CPM 
2 I 3 I AVG BKG 

" Ill IIO·T 
(SOURCE)-(AVG BKG) 

I I 
(SOURCE)-(AVG BKG) 

I I 
(SOURCE)-(AVG BKG) 

I I 
(SOURCE)-(AVG BKG) 

SOURCE COUNTS 
2S so 2SO 500 

l~ "3f. tflb 
fa.~ af.~- ~~-

.,, 

> -

.. 

sooo 

Acceptable Count Range (ACR) and Daily Quality Control Check (DQC) Procedures for Ludlum MlcroR Meter 
ACR 

1) Turn on instrument and visibly inspect for damages. Verify battery life, record date, location (GPS coordinates), meter model 
and serial#, high voltage (H.V.) setting, calbiration date, source type,# and activity and name of individual performing checks. 
2) Select a location for establishing ACR and background(BKG). The location should reflect the lowest counts in an area and have 
few physical disturbances. Record (3) background counts with selector in the 25 position, obtain an average. 
5) Position meter horizontally away from radioactive check source until needle measures 2/3rd of the 25 setting's range on the 
scale, record 5 source counts and obtain an average. 
6) Move dial to next setting, position meter closer to the source to achieve 2/3rd the setting range, record 5 source counts and 
obtain and average. 
7) Repeat step 6 for each setting, positioning the meter closer to the source each time. 
8) Subtract the average background count (AVG BKG) from the average source count (AVG SOURCE) for each setting. 
9) Determine ACR by subtracting 10% (low) from and adding 10% (high) to the average source minus backgrond count for each 
setting . These values represent and ACR one can expect when conducting daily quality control checks for a given location. 
10) Establish an ACR for each probe/meter combo and location/site. 

DOC 
1) Record the date, operator initials, and verify battery life at each use. 
2) Record 3 background counts for the 25 setting at location were ACR was performed, obtain an average background count. 
3) Record a single source count for each setting (ie. 25, 50, 250, 500 and 5000) when needle measures 2/3rds of setting's scale 
(See steps 5 and 6 for ACR above) . 
4) Subtract the average background count from each setting's source count. 
S) Compare the (AVG SOURCE)-(AVG BKG) count to the high and low ACR (above) for each setting. The DQC should fall within this 
range. 
6) If the instrument fails to fall within the ACR established for a given location evaluate conditions to insure no changes in 
background, source, etc. occured and perform a second ACR and DQC. If the instrument fails again, tag the instrument out of 

U...~!!. otMLwi_$._~.PL.Q.~~te_Q...a_$.!l..Q[ID..i~l. 
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Abandoned Uranium Mine Land-Poison Canyon 
( T) -1( 

LOCATION: C.$ ?L~ 
METER SERIAL# ......:../ _)~1_.2""'(".;.......;;5-'Z.=---

TJL£- '-tJI/C\ 

07380026 3 : .... / /\ 
1$1 f?ATE: 

I PERFOkMED BY: 

ACCEPTABLEICOUN,!RANGE BATILIFE· c.::.. k ' 

CALIB. DATE: :511</0'7 ,,b "\ ACCEPTABLE
1 

COUNT,~N(j.E SOURCE CPS 

SOURCE TYPE: c:.:.s REPLICATE/SCALE 1'\ 25 so ~ zssoe so !je66 k'$o 

I t..J ' 
- -~ gg i c/o /Cf SOURCE#: 1 1-fl/ t+-o 

AOIVITY (uCi): I 2 -z " LfO /16 ).0 4'1 /~() 

REPLICATE/SCALE BACK GROUND COUNTS 3 / <.} Yo v,,c 14 '-15" t8o 
1 /1..../ IJ 13 4 -z c) ( .. {'d' I/O J_o '-1.5' 11-5 

2 r~t 11.. 5 ,Q </!'1\ I! t..:" 11 LJ~ I~.> 

3 / G IL( AVGSOURCE: t tf. 'l jJq,5 "'.Cfi 1-o 'l:fJ./..'<1 s /f-'0 

/1/,6 - 4 .. all AVG BKG 13 ACR ((AVG SOURCE)·(AVG BKG)]: 2'1. f ~-~ 1 "t:;<3.Z r~s-

HIGH ACR (+ 10 %)· ~ Jl iJ' L' -" "' . ~ 
~ 3$' l'iJZ.. .,..~--:._ •-t./ H g>j{J 

LOW ACR (·10 %1: '.d.47. ·-zr .L·r:. '!......,.___ 
~ '2Cf It{ Cf . " DAILY QUALITY CONTROL~HECK . 

BACKGROUND CPM SOURCE COUNTS 

DATE INITIAL _..1 2 3 AVG BKG 2S so 2SO soo sooo 

3/aJoCf I Jrtc/J=j 1. 1~ H" IS" 7-G Y'-/ 1/0 .k 
(SOURCE)-(AVG BKG~ w--:; Z'f "s- ~ ~~~-

J:>/tG/o cr 1 J JT(__/ iL& ).~ 2(. Zr.:. .:Zb J8 .... ,8 /{0 

. ,_ ~ _§<:!_ .. 0 
(SOURCE)-(AVG BKG) ll..<_ ~ g tz.;l._ t) f'( fti',~'\]o ·~ . 

0/l'f[o, jSI-)c./tB ri. 13 14 t? :LO '-13 ISO 
"' (SOURCE)-(AVG BKG) I ~ 1 zo J~r ,<fl -gc: ~- :..,_ 

~)f,B/(}1 I r4(. IL ,.., /'i tiJ. lr6 '11- ,,~ 

"b , C-r( u ~cc .. e Count Ra~(ACR) lnJ Daily \il ality C~6troJ r .-:i: ""'lrl .t' 
1 

.... ,;,:., 'fnJLudlum MlcroR Meter 

, Afi !f~-11- 1t,\ ~~ 
1) Turn on instrument and visibly inspect for damages. Verify battery life, record date, location (site or group of sites), 
meter model and serial#, high voltage (H.V.) setting, calbiration date, source type,# and activity and name of individual 

performing checks. 'f t 7- { {, 1-- · ')' \ ~.cfl-4{ /~ 
2) Select a location for establishing ACR and background(BKG). The location should reflect the lowest count in an area and 
have few physical disturbances. Record (3) background counts with selector in the 25 position, obtain an average. 
5) Position meter horizontally away from known radioactive check source until needle measures 2/3rd of the 25 setting's 
range on the scale, record 5 source counts and obtain an average. 
6) Move dial to next setting {SO), position meter closer to the source to achieve 2/3rd the setting range, record 5 source 
counts and obtain and average. 
7) Repeat step 6 for each setting (ie. 250, 500 and 5000), positioning the meter closer to the source each time. 
8) Subtract the average background count (AVG BKG) from the average source count (AVG SOURCE) for each setting. 
9) Determine the accepatable count range (ACR) by subtracting 10% {low) from and adding 10% (high) to the average 
source minus backgrond count for each setting . These values represent the acceptable count range one can expect when 
conducting daily quality control checks for a given location. 
10) An ACR MUST be established for each probe/meter combo and location/site. 

ogc 
1) Daily, record the date, operator initials, and verify battery life . 
2) Record 3 background counts at the 25 setting AT THE SAME LOCATION that the ACR was performed and obtain an 
average background count. 
3) Record a single source count for each setting (ie. 25, 50, 250, 500 and 5000) when the needle measures 2/3rds of 
setting's scale (See steps 5 and 6 for ACR above). 
4) Subtract the average background count from each settings source count. 
5) Compare the (AVG SOURCE)-(AVG BKG) count to the high and low ACR (above) for each setting. The DQC should fall 

within this range. 
6) If the instrument fails to fall within the ACR established for a given location evaluate conditions to insure no changes in 
background, source, etc. occured and perform a second ACR and DQC. If the instrument fails again, tag the instrument 
___ .. - ~ - - --··-- _ ... __ __ _ , ___ ·-··---- ...1 -~ ·-- --- - · 
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Abandoned Uranium Mine Land-Poison Canyon 

07380026 

LOCATION: CAl\ b"'z tt6Yl p.e:ds DATE: .3· llR. D~ 
METERSERIAL# 2:S-3<3~ 3 
BATILIFE: ~ 

PERFORMED BY: A; ~ ~ 
1

)._ .; . . 

ACCEPTABLECOUNTRANGE ..J(.\.~ ~ -v$ /(g 
~~~----~-----

CALIS. DATE: t{, • 1,Q,.... 0B ACCEPTABLE COUNT RANGE SOURCE CPS 

SOURCE TYPE: C.."J ... \ ?{:f-: REPLICATE/SCALE 

SOURCE#: I ,D 5 1 

ACTIVITY (uCi): 2 ~~~to 
REPLICATE/SCALE BACK GROUND COUNTS 3 

1.+~ 1 rs 
2 ~~ 
3 \~ . 1~ 
AVG BKG i ':>-- 0~ 

DATE INITIAL 1 

I ID 
I '" ·>I ·~ 11'.Poif,1 I ~u-or \P"-', ~ 

1,,.,." ~ li' it -, ~. ~ 

I 

4 

5 

AVG 

HIGH ACR (+ 10 

LOW ACR (-10 %): 
--~......:;,;a 

DAILY QUALITY CONTROL CHECK 

BACKGROUND CPM ~~-· ()~u(c 
_.. 

" 2 3 AVG BKG 25 50 250 

·10 ·ti '~ '~ .. ~ ~ 0 ,,. 
(SOURCE)-(AVG.BKG) • , ~ r~ ~ 4f0 

4, . 

n -
~ 'rf. IO'J (SOURCE)-(AVG BKG) .. ·d;' . :1 i> .c.J 

~ 

rvUr~ld'O.. 
w.ttts~ 

. 
f~ 

500 5000 ')-
~. -, ·~ 
~ .I 

gf~) 

l llr~ ~~"~ ~~ 

~ 
' .o!i - ·~ ~~- ".i "'"i"' :«.;.• .:;, !:, ''""\. (SOURCE)-(AVG BKG 

-""-
13_ ~~ ':?'~ l ~o..."'"',.... F"~ 

I 
Acceptable Count Range (ACR) and Daily Quality Control Check (DQC} Procedures for Ludlum MicroR Meter 

ACR 
1} Turn on instrument and visibly inspect for damages. Verify battery life, record date, location (site or group of sites), 
meter model and serial#, high voltage (H.V.} setting, calbiration date, source type,# and activity and name of individual 
performing checks. 
2) Select a location for establishing ACR and background(BKG). The location should reflect the lowest count in an area and 
have few physical disturbances. Record (3} background counts with selector in the 25 position, obtain an average. 
5} Position meter horizontally away from known radioactive check source until needle measures 2/3rd of the 25 setting's 
range on the scale, record 5 source counts and obtain an average. 
6) Move dial to next setting (SO), position meter closer to the source to achieve 2/3rd the setting range, record 5 source 
counts and obtain and average. 
7) Repeat step 6 for each setting (ie. 250, 500 and 5000}, positioning the meter closer to the source each time. 
8) Subtract the average background count (AVG BKG) from the average source count (AVG SOURCE} for each setting. 
9} Determine the accepatable count range (ACR) by subtracting 10% (low) from and adding 10% (high) to the average 
source minus backgrond count for each setting . These values represent the acceptable count range one can expect when 
conducting daily quality control checks for a given location. 
10) An ACR MUST be established for each probe/meter combo and location/site. 

ogc 
1) Daily, record the date, operator initials, and verify battery life . 
2) Record 3 background counts at the 25 setting AT THE SAME LOCATION that the ACR was performed and obtain an 
average background count. 
3) Record a single source count for each setting (ie. 25, 50, 250, 500 and 5000} when the needle measures 2/3rds of 
setting's scale (See steps 5 and 6 for ACR above). 
4} Subtract the average background count from each settings source count. 
5} Compare the (AVG SOURCE)-(AVG BKG) count to the high and low ACR (above) for each setting. The DQC should fall 
within this range. 
6) If the instrument fails to fall within the ACR established for a given location evaluate conditions to insure no changes in 
background, source, etc. occured and perform a second ACR and DQC. If the instrument fails again, tag the instrument 

' 



LOCATION: 

~fe;-,b METER TYPE: 

METER ID#: 

Abandoned Uranium Mine Land-Poison Canyon 

07380026 

CCEPTABLE COUNT RANGE 

DATE: 

PERFORMED BY: 
"'\..,..l:..l.~"'"---

DETECTOR TYPE: ~- I b 
DETECTOR ID #: =:i3:3 \ 61 
H.V. /THRESHOLD 15 0 ke tt>l> 

Acceptable Count Range (ACR) and Dally Quality Control Check (DQC) 
Procedures for Ludlum 44-10/44-9 and Model 2350/2221/12 

!Qi 
1) Turn on instrument and visibly inspect meter and probe for damage especially 
to cables, probe's glass casing and digital display. Verify battery life. CALIS. DATE: f~-oq 

SOURCE TYPE: :5 - f .3 ::f-
SOURCE#: 

ACTIVITY (uCi): 

NUMBER 

1 

2 

3 

AVG BKG 

5 

6 

7 

8 

9 

10 

JQ~ 
I 

BKG CPS 

:1ft:n'b 
t-15 

SOURCE 

CPS 

AVG SOURCE 23 LfJt 
ACR [(AVG SOURCE)-(AVG BKG)]: ...;.;... __ ":'" 

HIGH ACR (+ 10 %): 251->'I 
LOW ACR (-10 %): 2.J 0 <t '-/ 

2)Record date, location (site or group of sites with coordinates), model and serial 
#,detector model & serial#, high volt~ge (H .V.) threshold settings, calbiration 
date, source type,# and activity and name of individual performing checks. 
3) Select a location for establishing ACR and background(BKG). The locatio·n 
should reflect the lowest count in an area and have few physical disturbances such 
as waste piles, shafts and mining-associated debris. 
4) Record (3) six second background counts (CPS) and obtain an average. 
5) Hold probe vertically above a known radioactive check source. 
6) Record (10) six second source counts and obtain an average count. 
7) Subtract the average background count (AVG BKG) from the average source 
count (AVG SOURCE). 
8) Determine the accepatable count range (ACR) by subtracting 10% (low) from 
and adding 10% (high) to the average source minus backgrond count. These 
values represent the acceptable count range one can expect when conducting 
daily quality control checks for a given location. 
9) An ACR MUST be established for each probe/meter combo and location/site. 

DOC 
1) Daily, record the date, high voltage and operator initials. 
2) Record (3) six second background counts AT THE SAME LOCATION that the ACR 
was performed and obtain an average background count. 
3) Record (3) six second source counts with the probe held above the known (same 
distance as above) source and obtain an average source count. 
4) Subtract the average background count from the average source count. 
5) Compare the (AVG SOURCE)-(AVG BKG) count to the high and low ACR. The 
DQC should fall within this range. 
6) If the instrument fails to fall within the ACR established for a given location 
evaluate conditions to insure no changes in background, source, etc. occured and 
perform a second ACR and DQC. If the instrument fails again, If warranted, tag 
the instrument Out of Service and send to manufacturer for repair . 
7) If second DQC falls within second ACR, proceed. 

DAILY QUALITY CONTROL CHECK 

AVG 

DATE INITIAL H.V. BACKGROUND CPM AVG BKG SOURCECPM SOURCE (AVG SOURCE)-(AVG BKG) 

l:s i~ /CP1 J~rc... cr:;o b7-& i"""S""8 'll3 C,Z' Jt~~r' '218C,S zt<t,s 2174 <t 2112-::f 

-.. 



~ ))c£-

LOCATION: 

METER TYPE: Lv cllv_ 2Z.Z. ( 

METER ID #: /08 <;? S'1 
DETECTOR TYPE: ~ I ~::.:...::;;;;.... ___ _ 
DETECTOR ID #: r ~ /I Lf '{;" '-/ () 

H.V. /THRESHOLD ~~/0,( 
CALJB. DATE: '3 I i.t 0 ., 

I 

SOURCE TYPE: C:.s. 
SOURCE#: !Or:' 

ACTIVITY (uCi): ::i 

Abandoned Uranium Mine Land-Poison Canyon 

07380026 

ACCEPTABLE COUNT RANGE 

DATE: 3 / k b r 
PERFORMED BY: JA<:.._ 

...;;;;.....;..=;..._---

Acceptable Count Range (ACR) and Dally Quality Control Check (DQC) 
Procedures for Ludlum 44-10/44-9 and Model 2350/2221/12 

ACR 
1) Turn on instrument and visibly inspect meter and probe for damage especially 
to cables, probe's glass casing and digital display. Verify battery life. 
2)Record date, location (site or group of sites with coordinates), model and serial 
#,detector model & serial#, high voltage (H.V.) threshold settings, calbiration 
date, source type, #and activity and name of Individual performing checks. 

G '"'-
~ 
rs..s-ro 
/~Of![ 
I ~I (b 

I>"'"' o 
I<-( tDr' 
I$ )"'f 

I 5'lS 
}.}vl-S.t.·,../cJ ~ J 

~J.~~ IJJ NUMBER SKG CPS 

(o2"1-

3) Select a location for establishing ACR and background(BKG). The location 
should reflect the lowest count in an area and have few physical disturbances such 
as waste piles, shafts and mining-associated debris. 
4) Record (3) six second background counts (CPS) and obtain an average. 

I "0 
JSl/ '1 

~C,'r 

.533 

S83 

1 /5"Lf '6 .5'1 f., 
2 /SLf t;J, ~n 
3 ts-as. 
AVG BKG I 'Sf. 1. -:r- ~ tsr. 2_ 

SOURCE "S:5~ 
NUMBER CPS ~ 

1 /(..jc)'z;.. IZS'83 
2 /</1!.' fi. 12-53~ 

3 ;t-/o+-~ IZ.G-1-C. 

4 1'73l/8. I"Z.~"'B 

5 ;L.fzo If /")..6'"3 8 
6 I '-!CJ J?cr IZ.L!ll 
7 I '-/0 ':!- ~ rz r4r 
8 ll./Z.t-2. il52.:;-

9 I L/2_ 3? 11.-"'H~ 

10 IL{-;11 Lj ( 2 b:;iZ.... -
AVG SOURCE /4{9 0 ,z_f:J'i 

ACR [(AVG SOURCE)-(AVG BKG)): -----
HIGHACR (+10%): IS''c>1 /3837 

LOW ACR (-10 %): I Z. 7f- '1- Z'... 113 Z.l · 

5) Hold probe vertically above a known radioactive check source . 
6) Record (10) six second source counts and obtain an average count . 
7) Subtract the average background count (AVG BKG) from the average source 
count (AVG SOURCE). 
8) Determine the accepatable count range (ACR) by subtracting 10% (low) from 
and adding 10% (high) to the average source minus backgrond count. These 
values represent the acceptable count range one can expect when conducting 
daily quality control checks for a given location. 
9) An ACR MUST be established for each probe/meter combo and location/site. 

ogc 
1) Daily, record the date, high voltage and operator initials. 
2) Record (3) six second background counts AT THE SAME LOCATION that the ACR 
was performed and obtain an average background count. 
3) Record (3) six second source counts with the probe held above the known (same 
distance as above) source and obtain an average source count. 
4) Subtract the average background count from the average source count. 
5) Compare the (AVG SOURCE)-(AVG BKG) count to the high and low ACR. The 
DQC should fall within this range. 
6) If the instrument fails to fall within the ACR established for a given location 
evaluate conditions to insure no changes in background, source, etc. occured and 
perform a second ACR and DQC. If the instrument fails again, If warranted, tag 
the instrument Out of Service and send to manufacturer for repair. 
7) If second DQC falls within second ACR, proceed. 

~----------------------------------------------------~ 

DAILY QUALITY CONTROL CHECK 

AVG 

wv '1-60 
7-'18 
140 
9!.1 

:J-81 
tri"f1-
l-rr"' 
'1-7-l... 
1-r~ 

:J..M----

1 (J ~ ...... 

DATE INITIAL H.V. BACKGROUND CPM AVG BKG SOURCECPM SOURCE (AVG SOURCE)-(AVG BKG) ,..91\\\ 
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Abandoned Uranium Mine Land-Poison Canyon 

07380026 

LOCATION: 

METER TYPE: 

METERID#: 

DETECTOR TYPE: 
-~-+-~~::"'T 

DETECTOR ID #: 

H.V. /THRESHOLD _ ....... .......,.__..-"--#-_ 
CALIB. DATE: 

SOURCE TYPE: 

SOURCE#: 

ACTIVITY (uCi): 

NUMBER BKG CPS 

~-m 
:VG BKG :#.Jz.f ~ 

NUMBER CPS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

~ 
28Sw2... 
.Zi2=f0 

2.&[,e!. 
lilt_ "I-S 

iGis 
Z.&/,/1 
L'&!l15" 

10 2.!1J1£1 
AVG SOURCE 2..S11/ 

ACR [(AVG SOURCE)-(AVG BKG~ I 
HIGH ACR {+ 10%): ~ ~ 

ACCEPTABLE COUNT RANGE 

DATE: 

PERFORMED BY: ~~~~W-4~~~,;' 

Acceptable Count Range (ACR) and Daily Quality Control Check (DQC) 
Procedures for Ludlum 44-10/44-9 and Model 2350/2221/12 

ACR 
1) Turn on instrument and visibly inspect meter and probe for damage especially 
to cables, probe's glass casing and digital display. Verify battery life. 
2)Record date, location (site or group of sites with coordinates), model and serial 
#,detector model & serial#, high voltage (H.V.) threshold settings, calbiration 
date, source type, # and activity and name of individual performing checks. 
3) Select a location for establishing ACR and background(BKG). The location 
should reflect the lowest count in an area and have few physical disturbances such 
as waste piles, shafts and mining-associated debris. 
4) Record (3) six second background counts (CPS) and obtain an average. 
5) Hold probe vertically above a known radioactive check source. 
6) Record (10) six second source counts and obtain an average count. 
7) Subtract the average background count (AVG BKG) from the average source 
count (AVG SOURCE). 
8) Determine the accepatable count range (ACR) by subtracting 10% (low) from 
and adding 10% (high) to the average source minus backgrond count. These 
values represent the acceptable count range one can expect when conducting 
daily quality control checks for a given location. 
9) An ACR MUST be established for each probe/meter combo and location/site. 

DOC 
1) Daily, record the date, high voltage and operator initials. 
2) Record (3) six second background counts AT THE SAME LOCATION that the ACR 
was performed and obtain an average background count. 
3) Record (3) six second source counts with the probe held above the known (same 
distance as above) source and obtain an average source count. 
4) Subtract the average background count from the average source count. 
5) Compare the (AVG SOURCE)-(AVG BKG) count to the high and low ACR. The 
DQC should fall within this range. 
6) If the instrument fails to fall within the ACR established for a given location 
evaluate conditions to insure no changes in background, source, etc. occured and 
perform a second ACR and DQC. If the instrument fails again, If warranted, tag 
the instrument Out of Service and send to manufacturer for repair. 
7) If second DQC falls within second ACR, proceed. 

LOWACR {-10%): dSt23-=J- '------------------------.1 

DAILY QUALITY CONTROL CHECK 

AVG 

DA/E INIJ!AL H.V. BACKGROUND CPM AVG BKG SOURCECPM SOURCE (AVG SOURCE)-(AVG BKG) ~ 

d{ ilt f :;;!.-- 'f.{/t<'IA ~ B'H ~~~W 41-1 4~ 4(,1 111.."'11. •A-" .:w, -ztn' Z.-i03T v ,CJ)",: 
I Iff I 4'/11 A' , .. g ~ox;, aa"'!"!: l -~ ~ 
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ERG Fonn 1.02B 

Certificate of Calibration 
Ratemeter I Scaler Certificate of Calibration 

ERG 
Environmental Restoration Group, Inc. 
8809 Washington St. NE, Suite I SO 
Albuquerque. NM 87113 
(505) 298-4224 

Manufacturer: __ lll_d_lu_m __ Model: ___ 2_22_1 _ Serial No.: _____ I_IS_I_S_7 _______ _ 

All Ranges Calibrated Electronically; Ludlum Pulser Generator Serial No.: IJ97743 a 201932 

Tlus calibl"llion conforms to the rcquitcmcuts and ac<eptablc calibl"llion conditions of ANSI N323A- 1997 
NMRCB Registration No. 481-3 • Calibl"llion of Radiauon Detection lnstJUmCnts II: Devices 

a Mechanical ck.J3 Meter Zeroed I:J Geotropism ck. 13 F/S Response ck. 13Audio ck. 

a THRIWIN ck. High Voltage ck.: I:JSOOv a lOOOv a1s00v a Battery ck. (min 4.4 vdc) 

Threshold Setting: _,...!.!10~- m V 

Instrument found within tolerance(+/- 10%) I3Yes C No 

Reference 
Calibration Point 

400Kcpm 

IOOKcpm 

40 Kcpm 

IOKcpm 

4Kcpm 

I Kcpm 

400cpm 

IOOcpm 

Reference 
Calibration Point 

400Kcpm 

40Kcpm 

4Kcpm 

400cpm 

Instrument 
"As Found Reading" 

400Kcpm 

100 Kcpm 

40 Kcpm 

10 Kcpm 

4Kcpm 

I Kcpm 

400 cpm 

100 cpm 

Instrument 
"As Found Reading" 

400Kcpm 

40Kcpm 

4Kcpm 

400cpm 

c~;-:JS&: ~====~~-
Reviewed By: cLJ c h 

Log Scale 
Count Rate 

400 Kcpm 

40Kcpm 

Instrument 
Meter Reading 

400 Kcpm 

IOOKcpm 

40Kcpm 

IOKcpm 

4Kcpm 

!..Kcpm 

400 cpm 

IOOcpm 

Integrated Counts 
(1-minutc count) 

398735 

39872 

3987 

Calibration Date:_<(..__. 2.'-'--·-=0~~------
Calibration Due:._q-<-·-=L=--· _o_CZ_._ ____ _ 

Date: ?fo(o;, 



ERG Form 1.028 I 

Certificate of Calibration 
Ratemeter I Scaler Certificate of Calibration 

ERG 
Enwonmcntal Restoranon Group. Inc. 
8809 Washington St. NE. Suite I 50 
Albuquerque. NM 87113 
(505} 298-4224 

Manufacturer: __ Lu_d_Jum __ Model: ___ 2_2_21_r_ Serial No.:. __ 86_306 ____________ _ 

All Ranges Calibrated Electronically; Ludlum Pulser Generator Serial No.: 097743 El201932 

Tlus calibration conforms to the requirements and ao<:eptable calibruion oonditions of ANSI N323A. 1997 
NMRCB Reg~stration No. 481-3 • Colibration of!Udiation Detecuon Instruments & Devloes 

El Mechanical ck.EJ Meter Zeroed EJ Geotropism ck. eJ F /S Response ck. I:J Audio ck. 

EJ THR/WIN ck. High Voltage ck.: EJSOOv a IOOOv EJISOOv a Battery ck. (min 4.4 vdc) 

Threshold Setting: I 0 m V 

Instrument found within tolerance(+/- 10%) BYes C No 

Reference Instrument 
Calibration Point "As Found Reading" 

400 Kcpm 400Kcpm 

IOOKcpm IOOKcpm 

40Kcpm 40Kcpm 

IOKcpm IOKcpm 

4Kcpm 4Kcpm 

IKcpm IKcpm 

400 cpm 400cpm 

IOOcpm IOOcpm 

Reference Instrument 
Calibration Point "As Found Reading" 

400 Kcpm 400 Kcpm 

40 Kcpm 40 Kcpm 

4 Kcpm 4Kcpm 

400 cpm 400 cpm 

C•lib•""' By'~-----

Log Scale 
Count Rate 

400Kcpm 

40Kcpm 

4Kcpm 

400cpm 

Instrument 
Meter Reading 

400Kcpm 

IOOKcpm 

40Kcpm 

IOKcpm 

4Kcpm 

IKcpm 

400cpm 

IOOcpm 

Integrated Counts 
(1-mmute count) 

398320 

39824 

3983 

398 

Calibration Date: /2.- IS -Otf' 

Calibration Due: l 2- • 1 .5-o'? 
Date: I 2/1 <)/a '7:) 
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Certificate of Calibration 
Voltage Plateau Form 

.r., 

Ludlum 
Detector Mfg.:---;,---,-------

Ludlum 
Modei: ____ 44-_1_0 __ 

Model: ____ 2_2_2_1 __ Counter Mfg.: ______ _ 

.. -

ERG 
Envtronmcntal Restoration Group, Inc. 
8809 Washington St. NE, Suite 150 
Albuquerque. NM 87113 
(505) 298-4224 

Serial No.: _____ P_R_1_22_6_2_8 __ _ 

Serial No.: ______ 108_846 ____ _ 

This calibration conforms to the requirements and acceptable e.alibration conditions of ANSI N323A • 1997 
NMRCB RC!IJstration No 431-3 • Calibratoon of RadiAtion Detection ln51ruments & Devices 

Counter Threshold Setting: 10 mV Cable Length: 039 inch, Cs foot, I:::!Other: ___ Cu-'-rl.._y __ _ 

Detector geometry to source: CIFace, a Side, c Below, Cather: ---------------
Distance to source: CJ Contact, a 6-Inches, CJ Other: __ -'1-'/2:...."------------------

Alpha Source :CTh230@ 13,000 dpm (2114/08) sn: 4098-03 C Other: ____________ _ 

Beta Source:CITc99@ 16,800 dpm (2/14/08) sn: 4099-03 CIOther: _____________ _ 

Gamma Source: a Cs-137@ 5.81J.tCi (3/07/07) sn: 4097-03 CJOther: Am-241 11.1Ci 

Count Time: __ I_M_in_u_t_e __ 

High Gross Source 
Volta2e Counts 

700 66530 

800 77472 

900 81357 

1000 83078 

1050 83246 

lJOO 83455 

1150 83640 

1200 85308 

Comments: Recommended Operating High Voltage: 1100 volts 

ReviewedBy:'?'J~-----
/ 

Background 
Counts 

11759 

Calibration Date: 1 L · I S. u<f 
Calibration Due: J 2- I S-- () J' 
Date: /-z._ /r5/o 'Zs: 

ERG Fonn 1.03A.I 

~ -



Certificate of Calibration 
Voltage Plateau Form 

Detector Mfg.:_L_u_dl_urn ___ _ Model: ___ 44-_1_o __ 

Counter Mfg.:---=L:::::u:::dl::.::urn==---- Model: ____ 222_1 __ 

ERG 
Environmeutal Restoration Group, lru:. 
8809 Washington St. NE, Suite 150 
Albuquerque, NM 87113 
(505) 298-4224 

Serial No.: _____ P_Rl_14_540 ___ _ 

Serial No.: _____ 1_15_1_57 ___ _ 

This calibralion conforms to the requirements and acceptable calibration conditions of ANSI N323A - 1997 
NMRCB Registration No. 481-3 • Calibration of RadiAtion Detection Instruments&: Devices 

Counter Threshold Setting: ___ IO'-------'mV Cable Length: El39 inch, [J5 foot, [JOther: _____ _ 

Detector geometry to source: CFace, El Side, [J Below, COther: ______________ _ 

Distance to source: [JContact, EI6-Inches, [J Other: __________________ _ 

Alpha Source :[J Th230@ 13,000 dpm (2/14/08) sn: 4098-03 [J Other: ____________ _ 

Beta Source:CTc99@ 16,800 dpm (2/14/08) sn: 4099-03 COther: _____________ _ 

Gamma Source : El Cs-137@ 5.32J..LCi (2/18/09) sn: 4097-03 [JOther: Am-241 11JCi 

Count Time: _ __:_l.:..cM.:..:in::.u.:..:t:.:.e __ 

High 
Voltage 

700 

800 

850 

900 

950 

1000 

1050 

Gross Source 
Counts 

73004 

78988 

81304 

81959 

82902 

84292 

88960 

Comments: Recommended Operating High Voltage: 850 volts 

ERG Form 1.03A. I 

Background 
Counts 

10744 

Calibration Date: 4 I I 3 I a 1 
Calibration Due: 4 J I '3 / I 0 r , 

Date: WI ) {o' 



lil 
Designer and Manufacturer 

of 
Scientific and Industrial 

Instruments 

CUSTOMER ERG (ENVIRO RES GRP) 

Mfg. Ludlum Measurement~. Inc. 

Mfg. 

CERTIFICATE OF CALIBRATION 

Model 19 

Model 

LUDLUM MEASUREMENTS, INC. 
POST OFFICE BOX 810 PH. 325-235-5494 
501 OAK STREET FAX NO. 325-235-4672 
SWEETWATER, TEXAS 79556, U.S.A. 

ORDER NO. 20107226/324704 

Serial No. ISZ,SZ 
Serial No. ________________________ _ 

Cal. Date 28-A!;2r-08 Cal Due Date 28-A!;2r-09 ________ __.,><-<-..,.,_..>!.L. _____ Cal. Interval 1 Year Meterface ___ ....,2.,.02.,_-0.><.!..>16....__ 

:heck mark ~applies to applicable instr. and/or detector lAW mfg. spec. T. RH ___ __,30..,_ % Alt __ -'-'70,.,5..,.8,._ mm Hg 

0 New Instrument Instrument Received 0 Within Toler. +-10% 0 10-20% 0 Out of Tol. 0 Requiring Repair O Other-See comments 

!;if Mechanical ck. !;if Meter Zeroed 0 Background Subtract 0 Input Sens. linearity 
!;if F/S Resp. ck !;if Reset ck. 0 Window Operation 0 Geotropism 
!;if Audio ck. 0 Alarm Setting ck. !;if Batt. ck. (Min. Volt) 2.2 VDC 

0 Calibrated in accordance with lMI SOP 14.8 rev 12/05/89. ~Calibrated in accordance with lMI SOP 14.9 rev 02/07/97. 
Threshold mv 

1strument Volt Set 550 V Input Sens. 34 mV Det. Oper. V at mV Dial Ratio _______ = ________ _ 

D HV Readout (2 points) Ref./lnst. ________ / ________ v Ref./lnst. ________ / _________ v 

COMMENTS: 

;amma Calibration: GM deteclors positioned perpendicular 1o source except forM 44-9 in which the front of probe faces source. 

Hgital 
eadout 

RANGE/MULTIPLIER 
5000 
5000 
500 
500 
250 
250 
50 
50 
25 
25 

REFERENCE 
CAL. POINT 

4000 uR/hr 
1000 uR/hr 

400 uR/hr = 1ZL&OO'f"" 
100 uR/hr 

200 uR/hr =3~000'f" 
100 uR/hr 
1~0cpm 
ISlO cpm 

S!Ocpm 

•uncertainty within± 10% C.F. within± 20% 

REFERENCE 
CAL POINT 

INSTRUMENT 
RECEIVED 

INSTRUMENT 
METER READING* 

INSTRUMENT REC'D 
"AS FOUND READING" 

'1000 
1000 
lfOO 
tOO 

100 

10 
zo 

INSTRUMENT 
METER READING* 

4000 
1000 
LIOO 
100 
z.oo 
100 
LfO 
10 
20 

50, 25 Range(s) Calibrated Electronically 

log 
Scale 

REFERENCE 
CAL POINT 

INSTRUMENT INSTRUMENT 
RECEIVED METER READING* 

Jdlum Measurements. Inc. certifies that the above instrument has been calibrated by standards traceable to the National Institute of Standards and Technology. or to the co fibration faciUties of 
ther International Standards Organization member1. or have been derived from accepted values of natural physical constants or have been derived by the ratio type of calibration techniques. 
1e calibration system conforms to the requi"ements of ANSI/NCSLZ54Q.I·I994 and ANSI N323-1978 Stole of Texas Calibration License No. LQ-1963 

Referencelnstrumentsand/orSources: Os-394/1122 011310781 Oo59 02so 
Cs-137 Gamma S/N 01162 0 G112 !;if M565 0 5105 0 T1008 0 T879 0 E552 0 E551 0 720 0 734 01616 0 Neutron Am-241 Be S/N T-304 

0 Alpha S/N ---------- 0 Beta S/N __________ _ 0 Other 

[ll m 500 S/N 23827 5 0 Oscilloscope S/N,__ ________________ _ Gl Multimeter S/N,__ __ _,8,3 .... 7_,.5"""02.,_1,_,0...._ __ _ 

Calibrated By:J.-,?J.~ 
16 .. 

Reviewed By: ~ 

This certificate shall nat be reproduced except in full. without the written approval of Ludlum Measurements. Inc. 
FORM C22A 01/~/2008 

Date zg, Afl-o8 

Date 2'i ~ O'j 

AC Ins!. 0 Passed Dielectric (Hi-Pol) and Continuity Test 
Only 0 Foiled: 



Abandoned Mine Lands Program May 26, 2009 
Mining and Minerals Division  073-80026 
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ACZ Laboratories, Inc.
2773 Downhill Drive  Steamboat Springs, CO  80487  (800) 334-5493

Report Header Explanations

Batch A distinct set of samples analyzed at a specific time

Found Value of the QC Type of interest

Limit Upper limit for RPD, in %.

Lower Lower Recovery Limit, in %  (except for LCSS, mg/Kg)

MDL Method Detection Limit.  Same as Minimum Reporting Limit.  Allows for instrument and annual fluctuations.

PCN/SCN A number assigned to reagents/standards to trace to the manufacturer's certificate of analysis

PQL Practical Quantitation Limit, typically 5 times the MDL.

QC True Value of the Control Sample or the amount added to the Spike 

Rec Amount of the true value or spike added recovered, in % (except for LCSS, mg/Kg)

RPD Relative Percent Difference, calculation used for Duplicate QC Types

Upper Upper Recovery Limit, in %  (except for LCSS, mg/Kg)

Sample Value of the Sample of interest

QC Sample Types

AS Analytical Spike (Post Digestion) LCSWD Laboratory Control Sample - Water Duplicate

ASD Analytical Spike (Post Digestion) Duplicate LFB Laboratory Fortified Blank

CCB Continuing Calibration Blank LFM Laboratory Fortified Matrix

CCV Continuing Calibration Verification standard LFMD Laboratory Fortified Matrix Duplicate

DUP Sample Duplicate LRB Laboratory Reagent Blank

ICB Initial Calibration Blank MS Matrix Spike

ICV Initial Calibration Verification standard MSD Matrix Spike Duplicate

ICSAB Inter-element Correction Standard - A plus B solutions PBS Prep Blank - Soil

LCSS Laboratory Control Sample - Soil PBW Prep Blank - Water

LCSSD Laboratory Control Sample - Soil Duplicate PQV Practical Quantitation Verification standard

LCSW Laboratory Control Sample - Water SDL Serial Dilution

QC Sample Type Explanations

Blanks Verifies that there is no or minimal contamination in the prep method or calibration procedure.

Control Samples Verifies the accuracy of the method, including the prep procedure.

Duplicates Verifies the precision of the instrument and/or method.

Spikes/Fortified Matrix Determines sample matrix interferences, if any.

Standard Verifies the validity of the calibration.

ACZ Qualifiers (Qual)

B Analyte concentration detected at a value between MDL and PQL. The associated value is an estimated quantity.

H Analysis exceeded method hold time.  pH is a field test with an immediate hold time.

U The material was analyzed for, but was not detected above the level of the associated value.

The associated value is either the sample quantitation limit or the sample detection limit.

Method References

(1) EPA 600/4-83-020.  Methods for Chemical Analysis of Water and Wastes, March 1983.

(2) EPA 600/R-93-100.  Methods for the Determination of Inorganic Substances in Environmental Samples, August 1993.

(3) EPA 600/R-94-111.  Methods for the Determination of Metals in Environmental Samples - Supplement I, May 1994.

(5) EPA SW-846.  Test Methods for Evaluating Solid Waste, Third Edition with Update III, December 1996.

(6) Standard Methods for the Examination of Water and Wastewater, 19th edition, 1995.

Comments

(1) QC results calculated from raw data.  Results may vary slightly if the rounded values are used in the calculations.

(2) Soil, Sludge, and Plant matrices for Inorganic analyses are reported on a dry weight basis.

(3) Animal matrices for Inorganic analyses are reported on an "as received" basis.

For a complete list of ACZ's Extended Qualifiers, please click: http://www.acz.com/public/extquallist.pdf
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ACZ Laboratories, Inc.
2773 Downhill Drive  Steamboat Springs, CO  80487  (800) 334-5493

Report Header Explanations

Batch A distinct set of samples analyzed at a specific time

Error(+/-) Calculated sample specific uncertainty

Found Value of the QC Type of interest

Limit Upper limit for RPD, in %.

LCL Lower Control Limit, in %  (except for LCSS, mg/Kg)

LLD Calculated sample specific Lower Limit of Detection

PCN/SCN A number assigned to reagents/standards to trace to the manufacturer's certificate of analysis

PQL Practical Quantitation Limit

QC True Value of the Control Sample or the amount added to the Spike 

Rec Amount of the true value or spike added recovered, in % (except for LCSS, mg/Kg)

RER Relative Error Ratio, calculation used for Dup. QC taking into account the error factor.

UCL Upper Control Limit, in %  (except for LCSS, mg/Kg)

Sample Value of the Sample of interest

QC Sample Types

DUP Sample Duplicate MS/MSD Matrix Spike/Matrix Spike Duplicate

LCSS Laboratory Control Sample - Soil PBS Prep Blank - Soil

LCSW Laboratory Control Sample - Water PBW Prep Blank - Water

QC Sample Type Explanations

Blanks Verifies that there is no or minimal contamination in the prep method procedure.

Control Samples Verifies the accuracy of the method, including the prep procedure.

Duplicates Verifies the precision of the instrument and/or method.

Matrix Spikes Determines sample matrix interferences, if any.

ACZ Qualifiers (Qual)

H Analysis exceeded method hold time.

R Poor spike recovery accepted because the other spike in the set fell within the given limits.

T High Replicate Error Ratio (RER) accepted because sample concentrations are less than 10x the MDL.

U No nuclides detected above the Lower Limit of Detection (LLD)

V High blank data accepted because sample concentration is 10 times higher than blank concentration

X QC is out of control.  See Case Narrative.

Z Poor spike recovery is accepted because sample concentration is four times greater than spike concentration.

Method Prefix Reference

M EPA methodology, including those under SDWA, CWA, and RCRA

SM Standard Methods for the Examination of Water and Wastewater, 19th edition, 1995.  

D ASTM

RP DOE

ESM DOE/ESM

Comments

(1) Solid matrices are reported on a dry weight basis.

(2) Preparation method:  "Method"  indicates preparation defined in analytical method.

(3) QC results calculated from raw data.  Results may vary slightly if the rounded values are used in the calculations.

For a complete list of ACZ's Extended Qualifiers, please click: http://www.acz.com/public/extquallist.pdf
 

REPIN03.11.00.01

Radiochemistry      
Reference

Page 7 of 13



BD[
������������	 
������ �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-� ./01234561789: ;<=>66/9:?@A BCDEFGH IJK LMNOPPQRSTUV WXXRYZ[\UX] ^_Y`BCDEFGH IJK abcdaaefgaaaehijkl mnopqrst uv rwxyz{|} ~|��x��y| ��xy���|� ���|��s ���w}�z�| ������s���s� �����~�v�~�~���������� ��v��v����������� �¡ ¡¢£¤ ¥¦§�¦§¥¨¢£¤ ©ª¨ ¥©¡¦¥©�¨ ¥©�«��� �¡ ¡¬¤¤ ¥¦§�¦§¥¨ ® ©¦¬¤¤ ̄¥®°�°¡±° �®ª�©¦� ¡� °�¨�©® ¥©¡¦¬«¡�°°±¥°²³¢ ¯´¥¦§�¦§¥¨ °¦¥¥²³¢±¯µ¯ °�¥¥ �ª« ª©«�ª¨ �©ª�©�¬«¡�°°±¥°²³¢ ¯´¥¦§�¦§¥¨ °¦¥¥²³¢±¯¢² °�¥¥ �¥ª«ª¨ �©ª�©� °¡©¦¬«¡�°�±¥�¶¤ ¶ª¥¦§�¦§¥¨ ¦«¥ ±ª¨©¡¶¤ ̄¥®°�°¡±° ¦ª¥°¥°©ª� ¡� °�¨�¦�ª �© �©�·¸¹l mnopqrst uv rwxyz{|} ~|��x��y| ��xy���|� ���|��s ���w}�z�| ������s���s� �����~�v�~�~���������� ��v��v����������� �¡ ¡¢£¤ ¥¦§�¦§¥¨¢£¤ °©� °©¡¦¥©  ¥©««��� �¡ ¡¬¤¤ ¥¦§�¦§¥¨ ¨«©¡¬¤¤ ¢ ª́¥«®¨ ª¨¦¥  ¡ °¥¦�©  °© ¬«¡�°°±¥°²³¢ ̄¥¦§�¦§¥¨ °«¥¥²³¢±¯µ¯ °ª¥¥ ��ª °°©�®�« ¦©¦¦©¡¬«¡�°¦±¥°¶¤ ¶ª¥¦§�¦§¥¨ �ª¥¥ �«¥¶¤ ¢ ª́¥«®¨ � ¥¥°°°©°°  ¡ °¥¦ªªª° ¦©¡¦©¡ºl»¼½¾ ¿¿À ÁÂÃÄÃÅ mnqoÆprst uv rwxyz{|} ~|��x��y| ��xy���|� ���|��s ���w}�z�| ������s���s� �����~�v�~�~���������� ��v��v�������Ç��� �ª®�¢£¤ ¥¦§��§¥¨¢£¤ ±©¥° ¥ ©̈  ¥©°̈ ¥©¦®��� �ª®�¬¤¤ ¥¦§��§¥¨ °°¥©®¬¤¤ ̄¥¨¥�¥¨±° ¡ª¦«©®ª ¦¦ °�®°©¡ ¥© ¬«¡�°°±¥°²³¢ ¯´¥¦§��§¥¨ ¡®¥²³¢±¯µ¯  «¥ �¦©¡ °¦©̈ ¡¦ ¥©¦°¥©ª®¬«¡�°°±¥°²³¢ ¯´¥¦§��§¥¨ ¡®¥²³¢±¯¢²  «¥ �¥¦©¡¦ ¥©¦°¥©ª® °¦©¦¬«¡�°¦±¥°¶¤ ¶ª¥¦§��§¥¨ ¨®¥   ¨¶¤ ̄¥¨¥�¥¨±° °ª¥¥¦«©®ª ¦¦ °�®®©�¡ ©̈ ¥©«ª¥©¦®

ÈÉÊÈËÌÍÎÌÍÏÌÍÐÌÍÎ
Page 8 of 13



BD[
������������	 
������ �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-� ./01234 567380309:/;<=<3> .3?@>7ABC DEFGHIJ KLM NOPQRRSTUVWX YZZT[\]^WZ_ `a[bcde fg hcicjklki mnco gkpdifhlfqrjklsqgtqiurnj vw xyz {|}~z �z���z�� ����z }{ ���{���z {}��z �yz ������z����z�����}�� }� �yz {��|�z }{ �}{|��|���}����z �� �yz {|}~z�z�z� � xyz �z���z�� �� �yz �{{��}��z� ������� {��|�z ������ ���� ��{ ���z|����z �v�w�����{{ ��|y�o������ � ¡�¢£¢¤£¥ ¦§ ���|�z ����z�����}�� }{ ¨�z��z� �y�� ©ª ��«¬ ¦«��{�{z� ��� ���� ���}���}�� � ¦z|�}���z ®���� ¦��}� �¦®¦� }{¨�z��z� �y�� ¢� �z�}{}�� ¯��¨z� �� �z }� ������� �v�w�� vw xyz {|}~z �z���z�� ����z }{ ���{���z {}��z �yz ������z����z�����}�� }� �yz {��|�z }{ �}{|��|���}����z �� �yz {|}~z�z�z� � xyz �z���z�� �� �yz �{{��}��z� ������� {��|�z ������ ���� ��{ ���z|����z �v�w�����{{ �z�� ¦� ��� � {��}� ����}ª° �yz ����}ª ��|�}���z |�z�}{}���{{z{{�z�� �¦«�� ¦®¦� zª�zz�z� �yz ������� �}�}�°�y}�y }{ ����}������z �� �yz ���±y���¨z�z}�� �� �yz {��|�z�v�w�� vw xyz {|}~z �z���z�� ����z }{ ���{���z {}��z �yz ������z����z�����}�� }� �yz {��|�z }{ �}{|��|���}����z �� �yz {|}~z�z�z� � xyz �z���z�� �� �yz �{{��}��z� ������� {��|�z ������ ���� ��{ ���z|����z �v��w��¦��}�� ¢¢£ �w�©��¡�¢£¢£¤� ¦§ ���|�z ����z�����}�� }{ ¨�z��z� �y�� ©ª ��«¬ ¦«��{�{z� ��� ���� ���}���}�� � ¦z|�}���z ®���� ¦��}� �¦®¦� }{¨�z��z� �y�� ¢� �z�}{}�� ¯��¨z� �� �z }� ������� �v��w��

²³´µ¶· ¹̧·º»·º¹·º¸
Page 9 of 13



BD[
������������	 
������ �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-� ./01232451267895:232/0;<=> ?@ABCDE FGH IJKLMMNOPQRS TUUOVWXYRUZ [\V]

_̂`abc deabfc gchij klmmlnopq rstsujvjtw stj plv lkkjtjx klt yjtvokoysvolp lt stj plv ylzjtjx {| }~��� yjtvokoysvj ������������� ����� ������ ����� �������������� ����� ������ ����� �������a g¡¢£_¤gc` ¥fhij klmmlnopq rstsujvjtw stj plv lkkjtjx klt yjtvokoysvolp lt stj plv ylzjtjx {| }~��� yjtvokoysvj �����¦�§��� ��� ������ �¨��©ª«¡gb deabfc gchij klmmlnopq rstsujvjtw stj plv lkkjtjx klt yjtvokoysvolp lt stj plv ylzjtjx {| }~��� yjtvokoysvj ���������§¬ � ��®�� �¯��°±�¨�� �²¦� ³� �́¨µ

�¶·d¸¹º»¹º¼¹º»¹º½
Page 10 of 13



BD[
������������	 
������ �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-� ./0123435361789: ;<=>?@A BCDCEA? F?@?GH?IDF?@?GH?I JKD

LMNOPQRSTUV WX YSZ [TU\O]O^ TS QS [TY SX Q_O [`SaO bZOUQRSTUc PdO[UO ^OUN]R`O

efeghij kkkkkkkkk kkkk

lm nopq rstq uvowpxr vpyztvp qupxt{| s{}~|t}� uvoxp~zvpq qzxs {q ��� uvoroxo|��m fvp rsp xzqro~� qp{|q o} rsp xoo|pv t}r{xr��m fvp rsp xzqro~� qp{|q o} rsp q{�u|p xo}r{t}pvq t}r{xr��m �q rspvp { �s{t} o� �zqro~� ov orspv ~tvpxr t�p qstuut}� u{upvq uvpqp}r��m �q rsp �s{t} o� �zqro~� xo�u|prp��m �q rsp �s{t} o� �zqro~� t} {�vpp�p}r �trs rsp q{�u|pq vpxpt�p~��m �q rspvp p}oz�s q{�u|p �ov {|| vpyzpqrp~ {}{|�qpq��m fvp {|| q{�u|pq �trst} so|~t}� rt�pq �ov vpyzpqrp~ {}{|�qpq��m �pvp {|| q{�u|p xo}r{t}pvq vpxpt�p~ t}r{xr�l�m fvp rsp rp�upv{rzvp �|{}�q uvpqp}r�llm �q rsp rvtu �|{}� �ov ��{}t~p uvpqp}r�l�m fvp q{�u|pq vpyztvt}� }o sp{~qu{xp� sp{~qu{xp �vpp�l�m no rsp q{�u|pq rs{r vpyztvp { �ovpt�} jot|q �pv�tr s{�p o}p�
�STQ[NQ ��S] [TY ^RUN]OP[TNROUc Q_O NdROTQ �ZUQ `O NSTQ[NQO^�
�_RPPRT� �STQ[RTO]U�  ¡¢£ ¤¥ ¦§¥ ©̈¦ª«£¬¢®¯ ¨°�¬
±SQOU

²ONORPQ ³O]RXRN[QRST ´µ¶µ·¸¸¶¹º»·¼¼

e½f
e½f
ef�l�� l�¾� l��

¸º¿À¸¸·ÁÂ̧ ¸¸·

�¡Ã¢ÄÅ ®ÆÇÅ È ÄÅ§ÈÅ É�Ê Ë£ Ì¢ÈÅ Í§Ä§Î¢£ÃÏ §Ä§¡ÐÇÃÇ Ç« Æ¡¥ Ä Å ¯£ È¢¢¥ Ï £ Ç§®¯¡¢Ç£¢È¢ÃÑ¢¥  ÆÅÇÃ¥¢  Ï Å«¢£®§¡ ¯£¢Ç¢£Ñ§ÅÃ Ä§ÈÈ¢¯Å§ÄÈ¢ È£ÃÅ¢£Ã§ Ò

ÓÔÕÖ×Ø ÙÚÚÔÛÜÝÞ×Úß àáÛâ CEA? ;<GãA?ID ´µ¶µ·¸¸¶

kl�m �q rsp rvtu �|{}� �ov ägf uvpqp}r�

¦åËÉæÒçèÒééÒççÒçé
Page 11 of 13



BD[ ������������	 
������ �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-� ./0123435361789: ;<=>?@A BCDCEA? F?@?GH?IDF?@?GH?I JKDLMNOPQ RSTUMVTQW XWQYQWZMUVST[\] _̂` a b c d b c ef b c gb c gdb c eb c h b c i jkc lmn ano
pqrqsttruvwsxxyz{|}~ ���z����}�� ����tv��tts��ttts

�_� �̀� �� �o���ckk��k �enaenan ���kn������ ¡¢ £¤ ¥�¦§� ¨¢ £¤ ©£¤¢¡ ¤�� ª«¨� ¬��¦���¡¢ ��® ¯ ¢¦e�°±LMNOPQ RSTUMVTQW XWQYQWZMUVST ²Q³QT´e µ¶·¸¹º¹»m¼½·¾½º¶¿ e�°± ÀÁÂ½Ã¸ Ä¹ b cef µ¶·¸¹º¹»ml¶¸ º¶¿ e�nÅf ÀÁÂ½Ã¸ Ä¹ b cd µ¶·¸¹º¹»ml¶¸ º¶¿ da±±l ÀÁÂ½Ã¸ Ä¹ b ch aÆÇm¼½·¾½º¶¿ hanld± ÀÁÂ½Ã¸ Ä¹ b cÈ aÆÇmlÆhÁ È°aÈ�± ÀÁÂ½Ã¸ Ä¹ j kc Éi aÆÇmlÆhÁ Ê¶Ë¿ n¿¹¸Æ¸¹ inl ÀÁÂ½Ã¸ Ä¹ j kcg aÆÇm¼½·¾½º¶¿ g±��hÌ ÀÁÂ½Ã¸ Ä¹ b cgd aÆÇm¼½·¾½º¶¿ g±��hÌ d�n¼¼ ÀÁÂ½Ã¸ Ä¹ b clmn lÍ Àº¹Ã¹ºÎÆ¸¶Î¹ Ë¹¹»¹» lÍ¸ ÆÀÀ·¶¿ÆÄ·¹ano dÆÂÂÆme¹¸Æ »ÍÃ¹ ºÆ¸¹ lÍ¸ ÆÀÀ·¶¿ÆÄ·¹ Â½Ã¸ Ä¹ b c�� ÏamÐº
a aÆÇml¶¸ º¶¿ a±o ÀÁÂ½Ã¸ Ä¹ b c

¼ÆÂÀ·¹ �oÃ a¹Î¶¹Ç¹» eÑÒÉ ÀÁ ¿Ð¹¿Ó À¹º¾ÍºÂ¹» ÄÑ ÆËÆ·ÑÃ¸ Àº¶Íº ¸Í ÃÆÂÀ·¹ Àº¹ÀÆºÆ¸¶ÍË

a±ÈnoÔ��ÔkkÔ��Ô�k
Page 12 of 13



Page 13 of 13

Laboratories, Inc. 

FRMQA021.12.03.06 White- Return with sample. Yellow- Retain for your records. 



BD[
������������	 
������ �������� ����� ��������� � ���!"# $% &'(&� )&''* ��(+,(-� ./012345016789:3

;<=>?@ ABB<CDEF?BG HICJKLMM NEBE>?IEG OJPJ QRDF? SA=TRUR?@UR?G OV WXYYZ
AS[ N@<\?CF H]^ _XKLYL`<T O?aC<b?@^PIC=<B?> E@? Fc? EIE=dFDCE= @?BR=FB e<@ BEbf=?gBh BRTbDFF?> F< AS[ _ET<@EF<@D?BG HICJ gAS[h <I Af@D= MiG LMMiJjcDB f@<\?CF cEB T??I EBBDkI?> F< AS[lB f@<\?CF IRbT?@G _XKLYLJ N=?EB? @?e?@?IC? FcDB IRbT?@ DI E== eRFR@?DIURD@D?BJA== EIE=dB?B a?@? f?@e<@b?> ECC<@>DIk F< AS[lB mRE=DFd ABBR@EIC? N=EIG n?@BD<I YLJMJ jc? ?IC=<B?> @?BR=FB@?=EF? <I=d F< Fc? BEbf=?B @?C?Dn?> RI>?@ _XKLYLJ PECc B?CFD<I <e FcDB @?f<@F cEB T??I @?nD?a?> EI> Eff@<n?>Td Fc? Eff@<f@DEF? _ET<@EF<@d QRf?@n DB<@G <@ E URE=De D?> BRTBFDFRF?JPoC?fF EB I<F?>G Fc? F?BF @?BR=FB e<@ Fc? b?Fc<>B EI> fE@Eb?F?@B =DBF?> <I AS[lB CR@@?IF OP_AS C?@FDe DCEF?=?FF?@ gpAS[h b??F E== @?URD@?b?IFB <e OP_ASJjcDB @?f<@F BcE== T? RB?> <@ C<fD?> <I=d DI DFB ?IFD@?Fd J AS[ DB I<F @?Bf<IBDT=? e<@ Fc? C<IB?UR?IC?B E@DBDIke@<b Fc? RB? <e E fE@FDE= @?f<@FJA== BEbf=?B EI> BRTqBEbf=?B EBB<CDEF?> aDFc FcDB f@<\?CF aD== T? >DBf<B?> <e EeF?@ VEd LWG LMMiJ He Fc? BEbf=?BE@? >?F?@bDI?> F< T? cErE@><RBG E>>DFD<IE= CcE@k?B Eff=d e<@ >DBf<BE= gFdfDCE==d =?BB FcEI sYMtBEbf=?hJ He d<Ra<R=> =Du? Fc? BEbf=?B F< T? c?=> =<Ik?@ FcEI AS[lB BFEF?> f<=DCd <@ F< T? @?FR@I?>G f=?EB? C<IFECF d<R@ N@<\?CFVEIEk?@ <@ SRBF<b?@ Q?@nDC? v?f@?B?IFEFDn? e<@ eR@Fc?@ >?FED=B EI> EBB<CDEF?> C<BFBJ AS[ @?FEDIB EIE=dFDCE=@?f<@FB e<@ e Dn? d?E@BJHe d<R cEn? EId UR?BFD<IB <@ <Fc?@ I??>BG f=?EB? C<IFECF d<R@ N@<\?CF VEIEk?@J

`<T O?aC<b?@ Af@D= LWG LMMi

N@<\?CF H]^ MXZWMMLwJMMML
;<=>?@ ABB<CDEF?BG HICJKLMM NEBE>?IE OP QRDF? SA=TRUR?@UR?G OV WXYYZj<ID QEICc?rv?f<@F F<^ `D== F<^

CC^ xD<IE y<@>EI

z{|}~������������
Page 1 of 15



��� ������ 	
� �������������� 	
� ������� ����� ������ ������� ��� !"#$%& '((")*+,%(- ./)01�23�4� 	
� 56�75589:5558BD[
;<=>?<@>?ABCD EFGHIJJK LMNOPQRR LSQTU VWUXYZMXW V[SQO\]̂ _` abcaJ dabbe KKcfgchK ijklmnjop qjnrstopnruvwxrtw
��� ������y� z{|z}|z~ zz�zz
��� ��4����y� z{|z~|z~

��������� ��� ������ ������ ����� ������� �������������������� ���� � ¡� ¢�£¤¥¦¡§¨© �¥��� ª«¬¬® �¯¬°¬ ±²³´�µ ¬¶·° ·̧¬¹ «º ̧¸»̄ ¼̈·½¼ «¾ �¦¿¬»ÀÁ¦��¡§¨© �¥�� � ª«¬¬® �¯¬°¬ ±²³´�µ ¬¶·° ·̧¬¹ Â̧º °̧ÂÂ¬ ¼̈·½¼  �¦¿¸À��������� ��� ������ ������ ����� ������� ��������������µ¥¡� ���� � ¡� ¢�µ¥�¡Ã�© ³�¦Ä��� ²Å³µÆÇ«¹¬© ³�È£ É© Ê´¹Â ¬¶· ¬̧·¬¹ «̧º¬¬¹¶»¶ Ë ¬» �Ì�¬»¸À��������� ��� ������ ������ ����� ������� ��������������µ¥¡� ³¦�Í�¦�� ¡¥� ¢��¡¦ Ê¦  �� «¶ Ê�¼¦���² ÁµÊ� Î¥» ¸© ¹̧Ï° ¬¶· ¬̧·¬¹ °̧º¶¬ �Ì�²¦§�¤ ��Ã ³§�Ð�¦¡Ñ� ÁµÊ� Î¥» ¸© ¹̧Ï° ¬¶· «̧·¬¹ ¬̧º ¬̧ �Ì�Ê¡¼��� ¡¥� ´ Ò¥� ³���� �«¬¬¾ ±²³́ �µ ¬¶· ¶̧·¬¹ ¬̧º¶¬ �Ì�

ÈÓ³±Î»¬°»¬¯»¬»¬¸ Ô ÕRUX]U SUÖUS WM ×ØXRQ ÖQUS ÙU[MSW] ÖMS ÚUWXQR]Û
Page 2 of 15



��� ������ 	
� �������������� 	
� ������� ����� ������ ������� �� !"#$%&' ())#*+,-&). /0*12�34�5� 	
� 678966�:;666�BD[
<=>?@=A?@BCDE FGHIJKKL MNOPQRSS MTRUV WXVYZ[NYX W\TRP] _̂ `a bcdbK ebccf LLdghdiL jklmnokpq rkostupqosvwxysux
��� ������z� {|}{~}{� {{�{{
��� ��5����z� {|}{�}{�

��������� ��� ������ ������ ����� ������� �������������������� � ��¡� ¢� £�¤¥¦§¢¨©ª �¦��� «¬®¯ �°± ²³ µ́�¶ ·¸±¹̧ º ¬»±®¹¼· ©½¸¾½ ¬¿ �§À¼®ÁÂ§� ¢¨©ª �¦�� � «¬®¯ �°± ²³ µ́�¶ ·¸±¹̧ º ¹Ã»±¹ÄÄ® ©½¸¾½ ¬ �§À¼®Á��������� ��� ������ ������ ����� ������� ��������������¶¦¢� � ��¡� ¢� £�¶¦�¢Å�ª �́§Æ� � ³Ç´¶ÈÉ¬ºª ´�Ê¤ Ëª ÌµºÃ ·¸¹¸º ¹¬»º®¼° Í ¼® �Î�¼¹Á��������� ��� ������ ������ ����� ������� ��������������¶¦¢� ´§�Ï�§�� ¢¦  £��¢§ Ì§¡ �� ¬· Ì�½§���³ Â¶Ì� Ð¦¼ ¹ª ¹ºÄ± ·¸¹¸º ¹±»® �Î�³§ �̈¥ � Å ´¨�Ñ�§¢Ò� Â¶Ì� Ð¦¼ ¹ª ¹ºÄ± ·¸¹¬¸º ¹»± �Î�Ì¢½��� ¢¦  µ Ó¦� ´���� �¬®¿ ²³ µ́�¶ ·¸¹·¸º ¹¹»·® �Î�

ÊÔ´²Ð¼±¼°¼®¼¹ Õ ÖSVY^V TV×VT XN ØÙYSR ×RVT ÚV\NTX^ ×NT ÛVXYRS^Ü
Page 3 of 15



ACZ Laboratories, Inc.
2773 Downhill Drive  Steamboat Springs, CO  80487  (800) 334-5493

Report Header Explanations

Batch A distinct set of samples analyzed at a specific time

Found Value of the QC Type of interest

Limit Upper limit for RPD, in %.

Lower Lower Recovery Limit, in %  (except for LCSS, mg/Kg)

MDL Method Detection Limit.  Same as Minimum Reporting Limit.  Allows for instrument and annual fluctuations.

PCN/SCN A number assigned to reagents/standards to trace to the manufacturer's certificate of analysis

PQL Practical Quantitation Limit, typically 5 times the MDL.

QC True Value of the Control Sample or the amount added to the Spike 

Rec Amount of the true value or spike added recovered, in % (except for LCSS, mg/Kg)

RPD Relative Percent Difference, calculation used for Duplicate QC Types

Upper Upper Recovery Limit, in %  (except for LCSS, mg/Kg)

Sample Value of the Sample of interest

QC Sample Types

AS Analytical Spike (Post Digestion) LCSWD Laboratory Control Sample - Water Duplicate

ASD Analytical Spike (Post Digestion) Duplicate LFB Laboratory Fortified Blank

CCB Continuing Calibration Blank LFM Laboratory Fortified Matrix

CCV Continuing Calibration Verification standard LFMD Laboratory Fortified Matrix Duplicate

DUP Sample Duplicate LRB Laboratory Reagent Blank

ICB Initial Calibration Blank MS Matrix Spike

ICV Initial Calibration Verification standard MSD Matrix Spike Duplicate

ICSAB Inter-element Correction Standard - A plus B solutions PBS Prep Blank - Soil

LCSS Laboratory Control Sample - Soil PBW Prep Blank - Water

LCSSD Laboratory Control Sample - Soil Duplicate PQV Practical Quantitation Verification standard

LCSW Laboratory Control Sample - Water SDL Serial Dilution

QC Sample Type Explanations

Blanks Verifies that there is no or minimal contamination in the prep method or calibration procedure.

Control Samples Verifies the accuracy of the method, including the prep procedure.

Duplicates Verifies the precision of the instrument and/or method.

Spikes/Fortified Matrix Determines sample matrix interferences, if any.

Standard Verifies the validity of the calibration.

ACZ Qualifiers (Qual)

B Analyte concentration detected at a value between MDL and PQL. The associated value is an estimated quantity.

H Analysis exceeded method hold time.  pH is a field test with an immediate hold time.

U The material was analyzed for, but was not detected above the level of the associated value.

The associated value is either the sample quantitation limit or the sample detection limit.

Method References

(1) EPA 600/4-83-020.  Methods for Chemical Analysis of Water and Wastes, March 1983.

(2) EPA 600/R-93-100.  Methods for the Determination of Inorganic Substances in Environmental Samples, August 1993.

(3) EPA 600/R-94-111.  Methods for the Determination of Metals in Environmental Samples - Supplement I, May 1994.

(5) EPA SW-846.  Test Methods for Evaluating Solid Waste, Third Edition with Update III, December 1996.

(6) Standard Methods for the Examination of Water and Wastewater, 19th edition, 1995.

Comments

(1) QC results calculated from raw data.  Results may vary slightly if the rounded values are used in the calculations.

(2) Soil, Sludge, and Plant matrices for Inorganic analyses are reported on a dry weight basis.

(3) Animal matrices for Inorganic analyses are reported on an "as received" basis.

For a complete list of ACZ's Extended Qualifiers, please click: http://www.acz.com/public/extquallist.pdf
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Reference
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ACZ Laboratories, Inc.
2773 Downhill Drive  Steamboat Springs, CO  80487  (800) 334-5493

Report Header Explanations

Batch A distinct set of samples analyzed at a specific time

Error(+/-) Calculated sample specific uncertainty

Found Value of the QC Type of interest

Limit Upper limit for RPD, in %.

LCL Lower Control Limit, in %  (except for LCSS, mg/Kg)

LLD Calculated sample specific Lower Limit of Detection

PCN/SCN A number assigned to reagents/standards to trace to the manufacturer's certificate of analysis

PQL Practical Quantitation Limit

QC True Value of the Control Sample or the amount added to the Spike 

Rec Amount of the true value or spike added recovered, in % (except for LCSS, mg/Kg)

RER Relative Error Ratio, calculation used for Dup. QC taking into account the error factor.

UCL Upper Control Limit, in %  (except for LCSS, mg/Kg)

Sample Value of the Sample of interest

QC Sample Types

DUP Sample Duplicate MS/MSD Matrix Spike/Matrix Spike Duplicate

LCSS Laboratory Control Sample - Soil PBS Prep Blank - Soil

LCSW Laboratory Control Sample - Water PBW Prep Blank - Water

QC Sample Type Explanations

Blanks Verifies that there is no or minimal contamination in the prep method procedure.

Control Samples Verifies the accuracy of the method, including the prep procedure.

Duplicates Verifies the precision of the instrument and/or method.

Matrix Spikes Determines sample matrix interferences, if any.

ACZ Qualifiers (Qual)

H Analysis exceeded method hold time.

R Poor spike recovery accepted because the other spike in the set fell within the given limits.

T High Replicate Error Ratio (RER) accepted because sample concentrations are less than 10x the MDL.

U No nuclides detected above the Lower Limit of Detection (LLD)

V High blank data accepted because sample concentration is 10 times higher than blank concentration

X QC is out of control.  See Case Narrative.

Z Poor spike recovery is accepted because sample concentration is four times greater than spike concentration.

Method Prefix Reference

M EPA methodology, including those under SDWA, CWA, and RCRA

SM Standard Methods for the Examination of Water and Wastewater, 19th edition, 1995.  

D ASTM

RP DOE

ESM DOE/ESM

Comments

(1) Solid matrices are reported on a dry weight basis.

(2) Preparation method:  "Method"  indicates preparation defined in analytical method.

(3) QC results calculated from raw data.  Results may vary slightly if the rounded values are used in the calculations.

For a complete list of ACZ's Extended Qualifiers, please click: http://www.acz.com/public/extquallist.pdf
 

REPIN03.11.00.01

Radiochemistry      
Reference
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White· Retum with sample. Yellow- Retain for your records. 
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ACZ Laboratories, Inc.
2773 Downhill Drive  Steamboat Springs, CO  80487  (800) 334-5493

Report Header Explanations

Batch A distinct set of samples analyzed at a specific time

Found Value of the QC Type of interest

Limit Upper limit for RPD, in %.

Lower Lower Recovery Limit, in %  (except for LCSS, mg/Kg)

MDL Method Detection Limit.  Same as Minimum Reporting Limit.  Allows for instrument and annual fluctuations.

PCN/SCN A number assigned to reagents/standards to trace to the manufacturer's certificate of analysis

PQL Practical Quantitation Limit, typically 5 times the MDL.

QC True Value of the Control Sample or the amount added to the Spike 

Rec Amount of the true value or spike added recovered, in % (except for LCSS, mg/Kg)

RPD Relative Percent Difference, calculation used for Duplicate QC Types

Upper Upper Recovery Limit, in %  (except for LCSS, mg/Kg)

Sample Value of the Sample of interest

QC Sample Types

AS Analytical Spike (Post Digestion) LCSWD Laboratory Control Sample - Water Duplicate

ASD Analytical Spike (Post Digestion) Duplicate LFB Laboratory Fortified Blank

CCB Continuing Calibration Blank LFM Laboratory Fortified Matrix

CCV Continuing Calibration Verification standard LFMD Laboratory Fortified Matrix Duplicate

DUP Sample Duplicate LRB Laboratory Reagent Blank

ICB Initial Calibration Blank MS Matrix Spike

ICV Initial Calibration Verification standard MSD Matrix Spike Duplicate

ICSAB Inter-element Correction Standard - A plus B solutions PBS Prep Blank - Soil

LCSS Laboratory Control Sample - Soil PBW Prep Blank - Water

LCSSD Laboratory Control Sample - Soil Duplicate PQV Practical Quantitation Verification standard

LCSW Laboratory Control Sample - Water SDL Serial Dilution

QC Sample Type Explanations

Blanks Verifies that there is no or minimal contamination in the prep method or calibration procedure.

Control Samples Verifies the accuracy of the method, including the prep procedure.

Duplicates Verifies the precision of the instrument and/or method.

Spikes/Fortified Matrix Determines sample matrix interferences, if any.

Standard Verifies the validity of the calibration.

ACZ Qualifiers (Qual)

B Analyte concentration detected at a value between MDL and PQL. The associated value is an estimated quantity.

H Analysis exceeded method hold time.  pH is a field test with an immediate hold time.

U The material was analyzed for, but was not detected above the level of the associated value.

The associated value is either the sample quantitation limit or the sample detection limit.

Method References

(1) EPA 600/4-83-020.  Methods for Chemical Analysis of Water and Wastes, March 1983.

(2) EPA 600/R-93-100.  Methods for the Determination of Inorganic Substances in Environmental Samples, August 1993.

(3) EPA 600/R-94-111.  Methods for the Determination of Metals in Environmental Samples - Supplement I, May 1994.

(5) EPA SW-846.  Test Methods for Evaluating Solid Waste, Third Edition with Update III, December 1996.

(6) Standard Methods for the Examination of Water and Wastewater, 19th edition, 1995.

Comments

(1) QC results calculated from raw data.  Results may vary slightly if the rounded values are used in the calculations.

(2) Soil, Sludge, and Plant matrices for Inorganic analyses are reported on a dry weight basis.

(3) Animal matrices for Inorganic analyses are reported on an "as received" basis.

For a complete list of ACZ's Extended Qualifiers, please click: http://www.acz.com/public/extquallist.pdf
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ACZ Laboratories, Inc.
2773 Downhill Drive  Steamboat Springs, CO  80487  (800) 334-5493

Report Header Explanations

Batch A distinct set of samples analyzed at a specific time

Error(+/-) Calculated sample specific uncertainty

Found Value of the QC Type of interest

Limit Upper limit for RPD, in %.

LCL Lower Control Limit, in %  (except for LCSS, mg/Kg)

LLD Calculated sample specific Lower Limit of Detection

PCN/SCN A number assigned to reagents/standards to trace to the manufacturer's certificate of analysis

PQL Practical Quantitation Limit

QC True Value of the Control Sample or the amount added to the Spike 

Rec Amount of the true value or spike added recovered, in % (except for LCSS, mg/Kg)

RER Relative Error Ratio, calculation used for Dup. QC taking into account the error factor.

UCL Upper Control Limit, in %  (except for LCSS, mg/Kg)

Sample Value of the Sample of interest

QC Sample Types

DUP Sample Duplicate MS/MSD Matrix Spike/Matrix Spike Duplicate

LCSS Laboratory Control Sample - Soil PBS Prep Blank - Soil

LCSW Laboratory Control Sample - Water PBW Prep Blank - Water

QC Sample Type Explanations

Blanks Verifies that there is no or minimal contamination in the prep method procedure.

Control Samples Verifies the accuracy of the method, including the prep procedure.

Duplicates Verifies the precision of the instrument and/or method.

Matrix Spikes Determines sample matrix interferences, if any.

ACZ Qualifiers (Qual)

H Analysis exceeded method hold time.

R Poor spike recovery accepted because the other spike in the set fell within the given limits.

T High Replicate Error Ratio (RER) accepted because sample concentrations are less than 10x the MDL.

U No nuclides detected above the Lower Limit of Detection (LLD)

V High blank data accepted because sample concentration is 10 times higher than blank concentration

X QC is out of control.  See Case Narrative.

Z Poor spike recovery is accepted because sample concentration is four times greater than spike concentration.

Method Prefix Reference

M EPA methodology, including those under SDWA, CWA, and RCRA

SM Standard Methods for the Examination of Water and Wastewater, 19th edition, 1995.  

D ASTM

RP DOE

ESM DOE/ESM

Comments

(1) Solid matrices are reported on a dry weight basis.

(2) Preparation method:  "Method"  indicates preparation defined in analytical method.

(3) QC results calculated from raw data.  Results may vary slightly if the rounded values are used in the calculations.

For a complete list of ACZ's Extended Qualifiers, please click: http://www.acz.com/public/extquallist.pdf
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"NO" then ACZ will contact client for further Instruction. If neither '"YES" nor "NO" 

Indicated, ACZ will proceed with the requested analyses, even If HT Is expired, and data will be qualified. 

PROJECT INFORMATION ANALYSES REQUESTED (dttach lrst or use quote rHrmber) 

FRMQA021.12.03.06 White~ Return with sample. Yellow~ Retain for your records. 
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5/22/2009 Attachment C.  Regression Analysis Summary Output 073-80026

Regression Statistics

Multiple R 0.76 counts upper lower

R Square 0.58 0 0.00 0.00

Adj. R Square 0.47 300 2.00 0.43

Standard Error 10.35 750 5.00 1.08

Observations 10 1500 9.99 2.15

3000 19.98 4.31

6000 39.97 8.61

df SS MS F Significance F 8000 11.49

Regression 1 1316.33 1316.33 12.29 0.01

Residual 9 964.20 107.13

Total 10 2280.53

Coefficients Std. Err. t Stat P-value Lower 95% Upper 95%

Intercept 0 #N/A #N/A #N/A #N/A #N/A

X Variable 1 0.004 0.001 3.505 0.007 0.001 0.007

Regression Statistics

Multiple R 0.93 counts upper lower

R Square 0.86 0 0.00 0.00

Adjusted R Square 0.75 500 11.64 6.20

Standard Error 5.97 700 16.29 8.67

Observations 10 900 20.94 11.15

1200 27.92 14.87

ANOVA 1500 34.91 18.59

df SS MS F Significance F 2500 30.98

Regression 1 1959.81 1959.8077 54.9954 0.0001

Residual 9 320.72 35.6358

Total 10 2280.53

Coefficients Std. Err. t Stat P-value Lower 95% Upper 95%

Intercept 0 #N/A #N/A #N/A #N/A #N/A

X Variable 1 0.018 0.002 7.416 0.000 0.012 0.023

REGRESSION ANALYSIS -LOW-END Ra-226 FIELD DATA 

95 % C. I.

REGRESSION ANALYSIS -LOW-END Ra-226 LAB 

95 % C. I.

Golder Associates



5/22/2009 Attachment C.  Regression Analysis Summary Output 073-80026

Regression Statistics

Multiple R 0.49 counts upper lower

R Square 0.24 0 16.18 -7.43

Adj. R Square 0.15 400 19.00 -7.95

Standard Error 10.51 1000 23.22 -8.73

Observations 10.00 2000 30.26 -10.02

3000 37.30 -11.31

ANOVA 4000 44.34 -12.60

df SS MS F Significance F 5000 51.38 -13.89

Regression 1.00 279.63 279.63 2.53 0.15 6000 58.43 -15.18

Residual 8.00 883.65 110.46

Total 9.00 1163.28

Coefficients Std. Err. t Stat P-value Lower 95% Upper 95%

Intercept 4.37 5.12 0.85 0.42 -7.43 16.18

X Variable 1 0.00 0.00 1.59 0.15 0.00 0.01

Regression Statistics

Multiple R 0.97 counts upper lower

R Square 0.95 0 -7.57 -16.94

Adj. R Square 0.94 500 11.41 -3.92

Standard Error 2.69 700 19.01 1.29

Observations 10.00 900 26.61 6.50

1200 38.00 14.31

ANOVA 1500 49.39 22.13

df SS MS F Significance F 2500 48.17

Regression 1.00 1105.53 1105.53 153.13 0.00

Residual 8.00 57.76 7.22

Total 9.00 1163.28

Coefficients Std. Err. t Stat P-value Lower 95% Upper 95%

Intercept -12.26 2.03 -6.04 0.00 -16.94 -7.57

X Variable 1 0.03 0.00 12.37 0.00 0.03 0.04

95 % C. I.

REGRESSION ANALYSIS -LOW-END Ra-226 FIELD (y-intercept)

REGRESSION ANALYSIS -LOW-END Ra-226 (y-intercept)

95 % C. I.

Golder Associates



5/22/2009 Attachment C.  Regression Analysis Summary Output 073-80026

Regression Statistics

Multiple R 0.95 counts upper lower

R Square 0.90 0 0.00 0.00

Adj. R Square 0.79 400 0.60 0.36

Standard Error 1.20 1000 1.50 0.90

Observations 10.00 2000 3.01 1.80

3000 4.51 2.69

4000 6.02 3.59

df SS MS F Significance F 5000 7.52 4.49

Regression 1 115.85 115.85 80.4593 0.0000 6000 9.02 5.39

Residual 9 12.96 1.44

Total 10 128.81

Coefficients Std. Err. t Stat P-value Lower 95% Upper 95%

Intercept 0 #N/A #N/A #N/A #N/A #N/A

X Variable 1 0.0012 0.0001 8.9699 0.0000 0.0009 0.0015

Regression Statistics

Multiple R 0.87 counts upper lower

R Square 0.75 0 0.00 0.00

Adj. R Square 0.64 500 2.84 1.13

Standard Error 1.88 700 3.98 1.58

Observations 10 900 5.11 2.03

1200 6.81 2.71

ANOVA 1500 8.52 3.39

df SS MS F Significance F 2500 5.65

Regression 1 97.15 97.15 27.611 0.001

Residual 9 31.67 3.52

Total 10 128.81

Coefficients Std. Err. t Stat P-value Lower 95% Upper 95%

Intercept 0 #N/A #N/A #N/A #N/A #N/A

X Variable 1 0.0040 0.0008 5.2547 0.0005 0.0023 0.0057

REGRESSION ANALYSIS --LOW-END U-238 FIELD DATA

95 % C. I.

REGRESSION ANALYSIS --LOW-END U-238 LAB DATA 

95 % C. I.

Golder Associates



5/22/2009 Attachment C.  Regression Analysis Summary Output 073-80026

Regression Statistics

Multiple R 0.87 counts upper lower

R Square 0.76 0 1.89 -0.84

Adj. R Square 0.73 400 2.50 -0.61

Standard Error 1.21 1000 3.43 -0.26

Observations 10.00 2000 4.97 0.32

3000 6.51 0.90

ANOVA 4000 8.06 1.47

df SS MS F Significance F 5000 9.60 2.05

Regression 1.00 38.07 38.07 25.79 0.00 6000 11.14 2.63

Residual 8.00 11.81 1.48

Total 9.00 49.88

Coefficients Std. Err. t Stat P-value Lower 95% Upper 95%

Intercept 0.52 0.59 0.88 0.40 -0.84 1.89

X Variable 1 0.00 0.00 5.08 0.00 0.00 0.00

Regression Statistics

Multiple R 0.60 counts upper lower

R Square 0.37 0 3.34 -3.59

Adj. R Square 0.29 500 7.61 -3.74

Standard Error 1.99 700 9.31 -3.80

Observations 10.00 900 11.02 -3.86

1200 13.58 -3.95

ANOVA 1500 16.13 -4.04

df SS MS F Significance F 2500 24.66 -4.35

Regression 1.00 18.24 18.24 4.61 0.06

Residual 8.00 31.64 3.95

Total 9.00 49.88

Coefficients Std. Err. t Stat P-value Lower 95% Upper 95%

Intercept -0.12 1.50 -0.08 0.94 -3.59 3.34

X Variable 1 0.00 0.00 2.15 0.06 0.00 0.01

95 % C. I.

REGRESSION ANALYSIS -LOW-END U-238 FIELD DATA  (y-intercept)

REGRESSION ANALYSIS -LOW-END U-238_LAB DATA (y-intercept)

95 % C. I.

Golder Associates



5/22/2009 Attachment C.  Regression Analysis Summary Output 073-80026

Regression Statistics

Multiple R 0.98

R Square 0.97 counts upper lower

Adj. R Square 0.90 400 6.49 5.31

Standard Error 55.15 1000 16.24 13.27

Observations 16.00 5000 81.19 66.36

10000 162.37 132.72

ANOVA 20000 324.75 265.43

df SS MS F Significance F 40000 649.50 530.86

1.00 1368075.12 1368075.12 449.72 0.00 60000 974.24 796.29

Residual 15.00 45630.41 3042.03 80000 1298.99 1061.72

Total 16.00 1413705.53

Coefficients Std. Err. t Stat P-value Lower 95% Upper 95%

Intercept 0.00 #N/A #N/A #N/A #N/A #N/A

X Variable 0.015 0.00 21.21 0.00 0.013 0.016

Regression Statistics

Multiple R 0.90

R Square 0.82 counts upper lower

Adj. R Square 0.75 400 30.47 17.87

Standard Error 131.46 800 60.94 35.73

Observations 16.00 1600 121.89 71.47

3200 243.78 142.93

ANOVA 6400 487.55 285.86

df SS MS F Significance F 12000 914.16 536.00

Regression 1 1154490.5 1154490.5 66.8 0.00 20000 1523.60 893.33

Residual 15 259215.07 17281.00

Total 16 1413705.5

Coefficients Std. Err. t Stat P-value Lower 95% Upper 95%

Intercept 0 #N/A #N/A #N/A #N/A #N/A

X Variable 0.060 0.01 8.17 0.00 0.04 0.08

REGRESSION ANALYSIS -Ra-226 FIELD DATA 

95 % C. I.

REGRESSION ANALYSIS -Ra-226 LAB DATA

95 % C. I.

Golder Associates



5/22/2009 Attachment C.  Regression Analysis Summary Output 073-80026

Regression Statistics

Multiple R 0.88

R Square 0.77 counts upper lower

Adj. R Square 0.75 0 60.65 -118.59

Standard Error 133.79 400 94.44 -100.92

Observations 16.00 750 124.01 -85.46

1500 187.38 -52.33

ANOVA 3000 314.11 13.92

df SS MS F Significance F 6000 567.57 146.44

Regression 1 838565.91 838565.91 46.85 0.00 12000 1074.49 411.46

Residual 14 250610.02 17900.72 22000 853.16

Total 15 1089175.9

Coefficients Std. Err. t Stat P-value Lower 95% Upper 95%

Intercept -28.97 41.78 -0.69 0.50 -118.59 60.65

X Variable 0.06 0.01 6.84 0.00 0.04 0.08

Regression Statistics

Multiple R 0.98

R Square 0.96 counts upper lower

Adj. R Square 0.96 400 25.66 -45.40

Standard Error 55.22 1000 35.82 -37.35

Observations 16.00 5000 103.56 16.33

10000 188.24 83.44

ANOVA 20000 357.59 217.65

df SS MS F Significance F 40000 696.29 486.06

Regression 1.00 1046485.04 1046485.04 343.18 0.00 60000 1035.00 754.47

Residual 14.00 42690.89 3049.35 80000 1373.70 1022.89

Total 15.00 1089175.92

Coefficients Std. Err. t Stat P-value Lower 95% Upper 95%

Intercept -15.94 16.24 -0.98 0.34 -50.77 18.88

X Variable 0.015 0.00 18.53 0.00 0.013 0.017

95 % C. I.

REGRESSION ANALYSIS -Ra-226 FIELD DATA (including intercept) 

95 % C. I.

REGRESSION ANALYSIS -Ra-226 LAB DATA (including intercept)

Golder Associates



5/22/2009 Attachment C. Regression  Analysis Output Summary 073-80026

Regression Statistics

Multiple R 0.97

R Square 0.93 counts upper lower

Adj. R Square 0.87 400 7.28 5.42

Standard Error 86.18 1000 18.20 13.56

Observations 16.00 5000 90.98 67.81

10000 181.97 135.62

ANOVA 20000 363.93 271.24

df SS MS F Significance F 40000 727.87 542.49

Regression 1 1584642 1584642 213.343 0.000 60000 1091.80 813.73

Residual 15 111415 7428 80000 1455.73 1084.97

Total 16 1696057

Coefficients Std. Err. t Stat P-value Lower 95% Upper 95%

Intercept 0 #N/A #N/A #N/A #N/A #N/A

X Variable 1 0.016 0.001 14.606 0.000 0.014 0.018

Regression Statistics

Multiple R 0.93

R Square 0.86 counts upper lower

Adj. R Square 0.80 0 0.00 0.00

Standard Error 124.93 400 33.19 21.21

Observations 16 800 66.38 42.42

1600 132.75 84.83

ANOVA 3200 265.50 169.67

df SS MS F Significance F 6400 531.00 339.33

Regression 1 1461953.5 1461953.5 93.673461 1.398E-07 12000 995.63 636.25

Residual 15 234103.69 15606.913 20000 1060.41

Total 16 1696057.2

Coefficients Std. Err. t Stat P-value Lower 95% Upper 95%

Intercept 0 #N/A #N/A #N/A #N/A #N/A

X Variable 1 0.068 0.007 9.679 0.000 0.053 0.083

REGRESSION ANALYSIS -U-238 LABORTORY DATA 

REGRESSION ANALYSIS -U-238 FIELD DATA 

95 % C. I.

95 % C. I.



Abandoned Mine Lands Program May 26, 2009 
Mining and Minerals Division  073-80026 
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5/22/2009 Attachment D. Regression analysis for soil radionuclide concentrations and low-end exposure rates

taken in the field (blue) and Golder laboratory (red).  
073-80026

REGRESSION ANALYSIS SUMMARY OUTPUT-Laboratory Ra-226

Regression Statistics

Multiple R

R Square

ANOVA

Regression

Residual

Total

Intercept

Regression Statistics

Multiple R

R Square

ANOVA

Regression

Residual

Total
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5/22/2009 Attachment D. Regression analysis for soil radionuclide concentrations and low-end exposure rates

taken in the field (blue) and Golder laboratory (red).  
073-80026

REGRESSION ANALYSIS SUMMARY OUTPUT-Laboratory Ra-226

Regression Statistics Regression Statistics

Multiple R 0.86

R Square 0.74

Adj. R Square 0.63

Standard Error 8.05

Observations 10.00

ANOVA

df SS MS F Significance F

Regression 1 1697.83 1697.83 26.22 0.00

Residual 9 582.70 64.74

Total 10 2280.53

Coefficients Std Err t Stat P-value Lower 95% Upper 95%

Intercept 0 #N/A #N/A #N/A #N/A #N/A

X Variable 1 0.754 0.147 5.121 0.001 0.421 1.087

SUMMARY OUTPUT-Field Ra-226

Regression Statistics Regression Statistics

Multiple R 0.79

R Square 0.62

Adj. R Square 0.51

Standard Error 9.84

Observations 10.00

ANOVA

df SS MS F Significance F

Regression 1 1408.4 1408.4 14.5 0.01

Residual 9 872.1 96.9

Total 10 2280.5

Coefficients Std Err t Stat P-value Lower 95% Upper 95%

Intercept 0 #N/A #N/A #N/A #N/A #N/A

X Variable 1 0.157 0.041 3.812 0.004 0.064 0.251

Golder Associates



5/22/2009 Attachment D. Regression analysis for soil radionuclide concentrations and low-end exposure rates

taken in the field (blue) and Golder laboratory (red).  
073-80026

REGRESSION ANALYSIS SUMMARY OUTPUT-Laboratory U-238

Regression Statistics

Multiple R 0.75

R Square 0.56

Adj. R Square 0.47

Standard Error 10.86

Observations 12.00

ANOVA

df SS MS F Significance F

Regression 1 1657.3 1657.3013 14.059904 0.004

Residual 11 1296.6 117.87429

Total 12 2953.9

Coefficients Std Err t Stat P-value Lower 95% Upper 95%

Intercept 0 #N/A #N/A #N/A #N/A #N/A

X Variable 1 0.58 0.15 3.75 0.00 0.24 0.92

SUMMARY OUTPUT-Field U-238

Regression Statistics

Multiple R 0.69

R Square 0.48

Adj. R Square 0.39

Standard Error 11.79

Observations 12.00

ANOVA

df SS MS F Significance F

Regression 1 1424.2 1424.2 10.24 0.01

Residual 11 1529.7 139.1

Total 12 2953.9

Coefficients Std Err t Stat P-value Lower 95% Upper 95%

Intercept 0 #N/A #N/A #N/A #N/A #N/A

X Variable 1 0.13 0.04 3.20 0.01 0.04 0.23

Golder Associates



5/22/2009 Attachment D.  Linear relationships between exposure rates and soil Ra-226 concentrations 

taken in the field (blue) and Golder laboratory (red).  
073-80026
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Golder Associates



5/22/2009 Attachment D. Linear relationships between exposure rates and soil U-238 concentrations

taken in the field (blue) and Golder laboratory (red).  
073-80026
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